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ABSTRACT

Relationships between student; characteristics (aca-

demic as well as personal) and student changes are in-

vestigated. Student changes are measured by growth scores

with the following four criterion.measures:

1. Test on Understanding Science (TOUS)

2. Watson-Glaser Critical Thinking Appraisal (WGCTA)

3. A Scale to Measure Attitude Towards Au School

Subject (Silance)
\

4. Student perception of Teacher Style (SPOTS)

The sample used in this study consisted of under-

graduates enrolled during the 1971-1972 academic year in

the course called "Thought and Structure in Physical

Science" at the University of Illinois. The course is

an elective and can be used to satisfy the general

education requirements for graduation, Twenty-six

independent predictors were selected. High school and

college backgrounds in science and mathematics as well

as subscores on selected parts of ACT were included among

the academic predictors. Dogmatism, flexibility, toler-

ance, responsibility, and intellectual efficiency were

among the predictors identified as personal factors.

1



Analyses (at 0.05 level) for pretest and posttest

measures of student changes permit the following

statements:

1. There are significant increases in student under-

standing of science and the scientific process,

2. There is a significant increase in positive stu-

dent attitude toward open instructional climate.

3. There is no significant growth in positive stu-

dent attitude toward the physical science course.

4. There is a significant decrease in student criti-

cal thinking ability.

The following statements concernimgprediction can

be made:

1. The set of all twenty-six predictors (academic,

instructors, and personal) accounted for 15.42%,

18.42%, 11.83%, and 22.00% of the variance in

predicting the growth scores on TOUS, WGCTA,

Silance, and SATIC" respectively. When each of

these totals is arbitrarily assumed to be 100%,

the following statements can be made regarding

the contributions to the variance for the three

types of predictors:

a. The academic factors accounted for 35.58%,

57.28%, 57.82% and 24.41%.

J
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b. The effect related to various instructors ac-

counted for 38.93%, 6.46%, 18.25%, and 49.18%.

c. The personal factors accounted for 25.49%,

36.26 %, 23.93%, and 26.41%.

2. Since the consideration of the personal and

instructor variables significantly increased the

ability to predict student changes it

is apparent that there are abilities which are

significant in predicting student changes

other than those measured by standardized achieve-

ment and intelligence tests.

3. Scores on intellectual efficiency subtest of CPI

and whether the course was taken to meet a re-

quirement or as a free elective were the best

predictors for TOUS and Silance.

4. -While completing a previous coursein college

physical science was the best predictor for

WGCTA and SATIC, it did not serve as a suitable

predictor for Silance.

Sex, mathematics 'scores on ACT, and scores on

achievement via conformity subtest of C were

the least effective predictors for growt scores

on TOUS, WGCTA, and SATIC.

6. Completion of high school courses in'sciences and

mathematics; completion of courses. in college
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biology and mathematics; and English, science, and

mathematics scores on ACT were found to be insig-

nificant predictors for student change.

7. Personal predictors - namely, intellectual effici-

ency for predicting growth scores on TOUS; toler-

ance and responsibility for predicting growth

scores on WGCTA; dogmatism, flexibility, and

achievement via conformity for predicting growth

scores on SPOTS - were among the significant pre-
.

dictors.

The results concerning the effect of personal varia-

bles on student change reveal that:

1. There is a significant difference between the

open and the closed-minded groups with regard to '

growth on understanding the nature of science

(as measured by TOUS). The open-minded group

showed significantly greater growth.

2. Students taking the course as an elective

score significantly higher on WGCTA and Silance

tests than students taking the course to meet a

requirement.

Abstract approved: r. J44.14 Thesis supervisor

Robert E. Ya r

Prof?, Science Ed., title and department
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DEFINITION OF TERMS

Advanced Student. A student will be identified as an ad-

vanced student if he is listed on the roster as a

junior or as a ssnior.

Beginning Student. A student will be identified as a

beginning student if he is listed on the roster as

a freshman or sophomore.

American College Testing. The results of the battery of

tests given to high school seniors prior to entrance

in college are reported as four sub - scores and a

composite score. The four sub-scores are English,

Mathematics, Socialcience, and Natural Science.

Criterion Variable. The refers to the dependent variable.

For the purpose of this study there are four criterion

variables. These are: 1. Test on Understanding &d-

ance (TOUS), 2. Watson-Glaser Critical Thinking AE-

praisal, (WGCTA), 3. A Scale to Measure Attitude To-

nal Au School Subject Matter (Silence), 4. Stu-

dent Perceptla of Teacher 3 xle (MU).



Independent Variables. These are the variables which are

used to predict a numerical value for the dependent

variable. These variables are not necessarily inde-

pendent in the sense that they do not have any

correlation with any of the other indtpendent

variables. Twenty-six independent variables were

used in the present study.

Open and Closed System. If a person strongly agrees with

statements on the Dogmatism Scale, then he posseites

a closed belief system which is one extreme of the

particular characteristic being considered. On the

other hand, if the person strongly disagrees with

statements on the Dogmatism Scale, then he possesses

an open belief system. This is the opposite extreme

of the particular characteristic being considered.

Student Changes. Observable differences in students bd- ;

tween initial enrollment in a course (in this study

the "Science Thought" course taught at the University

ot Illinois) and completion of the course. In some

instances the term is used synonymously with the term

instructional outcomes. The-latter term may errone-

ously imply a cause and effect relationship between

course instruction and observable changes in students.



1

CHAPTER 1

INTRODUCTION

A. Rationale and Introduction To The Problem

Despite the critical importance of personal character-

istics of students, very little is known about the rela-

tionship between student personality and instructional out-

comes. The literature reveals numerous studies concerning

relationships between various aspects of the academic back-

grounds of students and their achievement. However, using

student academic factors as the sole predictor of students'

learning is-questionable as well as unwarranted. Student

learning cannot be attributed to academic factors only; it

probably involves the interaction of several different

factors including the personal characteristics of the stu-

dent himself. Poor performance by students may be caused

not only by deficiency in the cognitive domain but also by

factors in the affective domain. One clue comes from

Postman (1948) who concluded that the individual estab-

lishes perceptual defenses against inimical stimuli.

By evaluating student characteristics it may be pos.,

sible to teach thOse students who are enrolled in a given

course rather than the students whom teachers would prefer
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to have enrolled. This would also serve to maximize

the achievements of which the students are capable.

In a recent address at the annual conference of the

Association for Supervision and Curriculum Development,

Bruner (1971) revised his ideas, which were published in

The Process of Education. Bruner stated:

I would be quite satisfied to declare, if not
a moratorium, then something to deerphasize
the structure of discipline and deal with it
rather in the context of the problems that
face us.,.. The issues facing us in the
seventies would have to do with how one
activates to tempt one to want to learn again.
What is important is to learn to bring all
one's resources to bear on-omething that
matters to the student now (p. 20).

One solution in implementing Bruner's suggestion is to

view learning as a kind of internalization. Internal-

ization (Kelman, 1961) can be said to occur when a stu-

dent accepts an idea because it is congruent with his

established value systems or because it is inherently con-

ducive to the maximization of his values. Decreasing en-

rollments in high school and college science courses, as

well as the current public dis trust of scientists and the

unwillingness of people to support basic research, are

examples of the negative impot of science teaching. The

social; cultural, and economic conditions Which gave rise

to the government-sponsored curriculum projects in science

of the 1960's are not, however, those of the 1970's.

Therefore, science eudcators. must respond to the demand

of adding other dimensions when defining, evaluating,
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and predicting instructional outcomes. These dimensions

should take into account additional factors including the

personal characteristics of the student himself.

If one sees little or no value (or relevance) in the

process of science, he is unlikely to devote the necessary

time and energy required to benefit from science courses.

For courses to be effective and to achieve their desired ,

goals, they need to be based on established Ymowledge of

student attitudes, that is, of their concepts and percep-

tions concerning science and scientists. This knoWledge

should be the point of departure for any change desired in

student concepts, attitudes, and behavior.

What behavior pattern might we expect from students

with different personal characteristics? A logical and

psychological analysis of the traits and value systems of

individual students is needed. These student traits

could then be used to prediot consequent learning and

attitudes. To some extent this is suggesting that the

personality characteristics of students should be studied

as to their effect on instructional outcomes. It can also

be hypothesized that student personalities contribute sig-

-nificantly in predicting student learning and attitudes

towards such learning.

It can therefore be hypothesized that students with

different personality characteristics think and function
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differently. They are seeking to satisfy different needs.

Their perceptions of the same tasks, their attitudes to-

wards them, and their consequent performances can be ex-

pected to differ widely. It is reasonable to expect that

some tasks would be met with enthusiasm by students with

open minds, while these same tasks would be more difficult

performedperformed by the students with closed minds, and vice

versa.'

Science educators should be interested in the follow-

ing questions: If an understanding of the nature r
ence, an ability to think critically, and the dev 1 pment

of positive attitudes are highly correlated to open-minded-

neap then what factors should influence sectioning of

students? How does such correlation affect education

materials? What materials are not appropriate for a given

student? How and to what extent does the open- or closed-

mindedness of the individual influence his role perceptions

in learning?

As the focus shifts to student characteristics, re-

search designs should employ variables regarding teaching

methods and dimensions of individual differences bearing

some theoretical relationship to one another, as suggested

by Cronbach (1957)\. A more specific theory about the

conditions which affect learning for students of high

and low dogmatism would be desirable if dogmatism is to
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be investigated as a student characteristic affecting

learning.

The main objective of this study was to investigate

relationships between student characteristics (academic

as well as personal) and student changes. Student changes

are measured by the growth 'snores in the areas of under-

standing the nature bf science, critical thinking, atti-

tude toward the physical science course, and attitude

toward instructional climate as measured by Test on Under-

standing Science, Watson-Glaser Critical Thinking APPrais-

al, A Scale to Measiire Attitude Towards Au School Sub-

110., and Stuaellt Perception of Teacher StYle respective-

ly. The research is guided by the hypothesis that stu-

dents" responses to statements on attitude scales for

measuring dogmatism and the nine scales of CPI, corre-

late with student responses on the criterion measures.

The sample used in this study consists of students

enrolled in the course called "Thought and Structure in

Physical Science". at the Urbana campus of the University

of Illinois. A brief description of the objectives and

philosophy of the course is included in Appendix B.

B. Statement of Research Hypotheses

The following four dependent variables and twenty-

six independent variables were selected for this study:



Dependent Variables

1. Scares on the Test on Understanding Science(TOUS)

2. Scores on the WatsonGlaser Critical Thinking

Appraisal (WGCTA)-

Scores on A Scale to Measure Attitude Toward

Any School SubJect (Silance)

4. Scores on Student Perception of Teacher

Style (SPOTS)

Independent Variables

Academic and Identification factors

1. High school rank

2. College physical science hours

3. High se.lool physical science units

4. College mathematics hours

5. High school mathematics units

6. Natural science score on ACT

7. Mathematics score on ACT

8. Student classification (F & S; J &

9. Course taken as a requirement or as an elective

10. College biological science hours

11. High school biological science units

12. ''''nglish score on ACT

13. Sex

14. Instructor #1

15. Instructor #2
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16. Instructor #3

Personal Characteristics:

17. Dogmatism (D)

18. Flexibility (Px)

19. Tolence (T0)

20. Achievement via independence (Ai)

21. Intellectual efficiency (Ie)

22. Achievement via conformity (Ac)

23. Responsibility (R)

24. Self acceptance (Sa)

25. Social presence (Sp)

26. Capacity for status (Cs)

The purposes of this study were as follows:

1. To test (at the five percent level) whether the

pretest-posttest mean scores on all parts of

each of the four criterion variables are signi-

ficantly different. Specifically, the following

hypotheses, stated in the null form, were inves-

tigated:
\

a\. There was no'significant growth in student

ability to understand science as measured

by TOUS (Subscore I)

b. There was no significant growth in student

ability to understand scientists as measured

by ma (Subscore II)

c. There was no significant growth in student
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ability to understand the scientific process

as measured by TOUS (Subscore III)

d. There was no significant growth in student abili-

ty to draw valid inferences as measured by WGCTA

(Subscore I)

e. There was.no significant growth in student abili-

by to recognize assumptions as measured by WGCTA

(Subscore II)

f. There was nosignificant growth in student abili-

ty to reason deductively as measured by WGCTA

(Subscore III)

g. There was no significant growth in student abili-

ty to interpret results as measured by WGCTA

(Subscore IV)

h. There was no significant growth in student abili-

ty to evaluate arguments as measured by WGCTA

(Subscore V)

i. There was no significant change toward more

favorable attitude toward the course in physical

science as measured by Silance

j. There was no significant change toward more

favorable student attitude toward open instruc-

tional climate as measured by =02§.

2. To determine the degree of relationship of each of the

twenty-six independent variables to each of the four

criterion measures.
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3. To determine the order of importance of the signi-

ficant independent variables for each of the four

dependent variables.

4. To find what increase in predictive accuracy is

attained, by combining measures of-peroonal and

instructor variableg,with measures of thethir-

teen academic conventional predictors in the

prediction of student performance on each of the

four criterion variables.

5. To test the null hypotheses that there are no

differences among the adjusted means on the

four criterion measures (adjusted for pretest dif-

ferences) for the following subpopulations:

a. Students who are in the highest third versus

those in the lowest third on the dogmatism

variable.

b. Students who are in the highest third versus

those in the lowest third on the flexibility

measure.

c. Students taking the course is a free elec-

tive versus those taking the course as a

requirement.

d. Students classified as beginning students

versus students classified as advanced stu-

dents.



10

e. Students who have enrolled with each of

the three instructors.

f. Male students versus female students.

I
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CHAPTER II

REVIEW OF LITERATURE

A. Literature Related

of Student Changes

Understanding the Nature of Science

The National Society for the Study of Education, in

its fifty-ninth yearbook, listed the development of under-

standing of science and scientists as a main objective of

science teaching. The development of the nature of

science has been described by Kimball (1967-1968) as "one

of the most commonly stated objectives for science educa-

tion," and by Saunders (1955) as "probably the most impor-

tant purpose of ecience teaching." Rogers (1960) states

that the non-scientist needs a "healthy understanding of

the nature of science."

Concern for this objective has been evidenced not

only in the United States but also in many other coun-

tries. In 1964, the American Association for the Advance-

ment of Science established a Commission on Science Edu-

cation with the stated purpose "to foster, in every way

possible, scientific literacy among the American people."



12

In England, the policy statement of the Association of

Science Education 6h science and education (1963) stressed

the impoitance of developing an understanding of the nature

of science among school pupils.

This widespread concern of science educators with

the development of student understanding of the nature of

science is reflected in the statement by Robinson (1968)

that "the challenge to science education is to bring to

the full range of young people a comprehension of the

nature of science as a humanistic enterprise." A con-

siderable amount of time and effort has been expended in

research on the development of techniques of teaching sci-

entific facts and generalizations and the ability to deal

with these facts, but, as Tisher (1967) pointed out,

"little effort; by comparison, has been expended to de-

termine the degree to which, and the processes whereby,

students develop an understanding about science."

One does not have to read extensively in the litera-

ture relating to understanding science and scientists be-

fore he finds considerable ambiguity surrounding the sub-
'

ject. First, there is uncertainty about the extent of

the illiteracy concerning science and scientists; and

secondly, uncertainty about what can or should be done

about it. Some polls and surveys of opinion (Allen,
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`-1959; Barker, 1956; Mead, 1957; Remmers, 1957; Wilson,

1954) have indicated that high school studenZ:s have mis-

conceptions about science, including disparaging stereo-

types of scientists; Allen, studying New Jersey high

school seniors, observed a more favorable attitude toward

the scientific enterprise than other investigators. The

surveys, with the' exception of Kimball's (1967-1968),

generally indicate no significant differences between the

science and non-science groups. These surveys also show

that the higher the intelligence, the greater the likeli-

hood of constructive attitudes toward the scientific enter-

prise and the fewer stereotypes of scientists. Among non-

science college students, Mitias (1970) found no dominati

ing stereotype or concept of science, but over seventy

percent of the concepts and opinions about science and

scientists were negative or neutral in character. It is

not inappropriate to generalize these findings to the

larger American society and conclude that most Americans

have little.knowledge about the nature of science, that

their attitudes toward the scientific enterprise and

scientists are at best neutral, and.that many negative

concepts and attitudes persist.

The number of measuring instruments that test for

understanding science and scientists is small - TOW,
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vs, NOES, muz and gia. These tests have been compiled

after consultation with numerous science researchers and

educators,

TOUS was originally designed for testing high school

students, yet it is often used for testing college stu-

dents and science teachers (Jerkins, 1969' Jones, 1969;

Miller, 1963; Oletad, 1970; Schmidt, 1967 -1968; Welch

and Walberg, 1967). One suspects that US was used be-

cause of its availability and the lack of other instru-

ments rather than because of its suitability. Whether or

not THOUS is suitable for testing college students, teach-
/

ere, and scientists has not been considered. An important

consequence of having only a few meeeuring instruments

from whioI a researcher can choose is that research de-

signs tend to be based on the instruments available. TOUS

has been revised for use by junior high students (Jerkins,

1969), and other modifications have been made by indi-

vidual investigators.

Since some evidence now points to only a slow, im-

perfect attainment of understanding of science and sci-

entists within the usual science course work, several

persons and schools have inaugurated courses siecifically

designed to deal with the aims and methods of science, the

nature of science, the character of the scientific enter-

prise and the scientist, and the interrelationship of
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science and culture (Cossman, 1967; Carey & Strauss,

1968; Jones, 1969) In all the cases where testing was

included in the experiment, significant increases in the

understanding'of science and scientists were found. It

is interesting to note that Jones (1969) found that the -

experimental group consisting of eighty-seven non-science

majors at the University of Tulsa, who were taking a gener-

al education physical science course, had significantly

higher adjusted mean posttest scores on TOUS than the

control group consisting of fifty-five science majors. In

addition to facts and principles, the general education

physical science course was also concerned with the his-

torical development and the philosophy of science and the

interaction of science and society.

The findings Of MacKay (1971) suggest that time and

effort could be profitably expended in'developing teaching

materials to improve student understanding of the nature

of science. Until such a time as these materials exist,

this important objective of science teaching will largely

fail to be achieved. A few universities are beginning to

establish history and philosophy of science courses for

prospective science teachers and scientists in an attempt

to attain this objective. Such an approach appears to be

the most direct way of deieloping an understanding of

science and scientists.
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The following paragraphs outline a sample of the

studies which attempt to measure the understanding of

science as one of the outcomes of a particular course.

TOUS was the most common instrument used.

A study (Crumb, 1965) on the understanding of sci-

ence by 1,705 high school physics students showed no sig-

nificant gain in understanding science among students

studying high school physics. It also showed no sig-

nificant difference between those students studying one

or two semesters of traditional physics. Crumb reported

that the magnitude of gain,was sensitive to the teaching

method used in the course.

Kimball (1966) measured changes in the opinions of

high school physics students concerning the nature of

science during the course of a school year in which they

studied Harvard Project Physics. These students showed

a significantly improved understanding of the nature of

science.

Not all of the studies concerned with cumiculum

materials and the nature of science have yielded positive

results. The results of an analysis of covariance (Trent,

1965), when the TOUS pretest scores were controlled,

showed no significant difference in the understanding of

science gained by students studying PSSC physics and

those in courses using traditional kinds of materials.
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The negative results reported (Crumb, 1965; Trent,

1965) leave the question of the effect of PSSC materials

on increasing the understanding of the nature of science

in doubt while raising some new questions. Are there

definite regional differences in the leyels of understand-

ing science by physics students, as meet:wed by the

criterion instruments? Does PSSC physics 'cause a uni-

form growth in understanding science, given different

initial levels of understanding? What part do the

teacher's background, personality, and attitude play in

relation to tests on understanding science when differ-

ent curriculum materials are used? This last question

is particularly relevant when recent findings (Rothman,

1969; Rothman, Walberg, & Welch, 1969) are considered.

Among other things, they found correlations between

personality traits and attitudes of certain physics

teachers' and their students' understanding of science and

scientists. Rothman (1969) found a significant correla-

tion between the backgrounds and experience of physics

teachers and student scores on TOUS. However, he found

no significant relationship between the TOUS scores of

teachers and physics achievement of their students.

Carey and Strauss (1970) showed that little if any

relationship exists between an understanding of science
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and academic variables such as high school and college
o

baCkgreund in science, mathematics, and grade point

average. \Likewise, no correlation was found between

scores on the Wisconsin Inventory of Scitnce Processes

(WISP) inst ent and scores on science teaching experi-

ence. The\ po ulation for the study consisted of thirty-

one teachers in a graduate level course in science educa-1

tion at the University of Georgia in 1968-1969.

Further verifications of specific studies have been

conducted to ascertain what differences in the under7

standing of science and scientists exist between groups

with different. amounts of science education and experi-

ence (Carey and Strauss, 1968, 1970; Jerkins, 1969;

Kimball, 1967-1968).

From these studies the following can be concluded:

(a) the common assumption that understanding about the

nature of science, the scientific enterprise, and sci-

entists occurs via a kind of osmotic process through

science courses and work experience needs to be seriously

questioned; (b) according to the findinge.by Kimball

(19671968), one's view of science is fairly well-
,

established by the time of graduation from college

and does not change much after that; (c) one's position

as a science teacher or scientist does not insure a

A
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thotpugh understanding of the nature of science. It can-

not be stated that standard science course work does not
i

increase the understanding of science, since some studies

(Jones,' 1969) showed higher TOUS scores among science

majors(than non-science majors. But it to apparent (Carey &

Strauss, 1970; Jerkins, 1969; Welch, 1967-'968) that the

gains in understanding about science are not uniformly

related to course work or TO teaching experience.

Critical Thinking

Although the need for critical thinking is recog-

nized, there is wide divergence on what is meant by

the term. Dressel and Mayhew (1954) refer to five abili-

ties which constitute critical thinking: (a) the ability

to define a problem; (b) the ability to select informa-

tion pertinent to the solution of a problem; (c) the

ability to recognize stated and unstated assumptions;

(d) the ability to formulate and select relevant and

promisatirefile; and (e) the ability to craw valid

"conclusions and to judge the validity of inferences.
,

A group concerned with the improvement of critical think-

ing,suggests that more attention be given to helping

students "develop proble -solving methods which willk

yield more complete and ad quate solutions in a wide
,

range of problem situations." (Bloom, 1956)
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'Because of the rapid changes in America's society

and the proliferation of new knowledge taking place to-

day, individuals have a greater need for critical think-
.

ing ability than ever before in history. In America,

people are asked to make decisions concerning difficult

and complex social issues and the ability to th nk

critically is often needed to provide the Vest basis for

making such decisions. America's destiny may be affected

by the ability of .r teachers and sohools to develop

students who are able to think critically. Perhaps

Carlos de Zafra (1966, p. 231) best described the impor-

tance of critical thinking ability when he wrote the

following:

For the first time in his long history, mankind
has in his power the ability to fill hiscornu-
copia or to destroy himself. Because the rate of
change has greatly accelerated and becaute the
applications that are made of *mankind's discoveries
and inventions are more important than are the,
discoveries and inventions themselves, mankind now
needs to do some critical thinking of an unprece-
dented quality. The future of thz human race de-
pends upon the quality of critical thinking that
is done in the world today.

Dressel and Mayhew (1954, pp. 25-36) recognized

the important role that critical thinking plays in

citizenship when they wrote:

The essence of the democratic creed is that
each person possesses potentialities for dis-
covering his own problems and for developing
personally satisfactory and socially acceptable
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solutions to them, so that he has no need to defer
completely to the will of an authority, although
he is perfectly willing to make use of expert
opinion when relevant.

Much has been written concerning the importance of

developing skill in critical thinking. Apparently

everyone agrees that teachers should devote a consider-

able amount of time to developing such skill. Unfortunate-

ly, though, many investigatorshave found that the schools

are not developing skills in critical thinking as they

should. It seems possible that one of the major reasons

why some of the procedures designed to develop skill in

critical thinking are not being used is that they are

extremely difficult to use. If the school is going to

be concerned with improving critical thinking, teachers

and administrators should be involved not only in prob-

lems of content and methodology, but also in problems

of measurement of progress towards these goals. Several

studies (among them, Dressel & Mayhew, 1954; Houle,

1943) support the position that institutions with a great-

er degree of student self-determination, flexibility of

curriculum, and freedom from authoritarian control of be-

havior have a significantly better record in increasing

critical thinking.

Several persons and schools have inaugurated courses

specifically designed to deal more directly in "teaching"



critical thinking. In some cages this may

actual instruction in the rules of logic

unt to

their ap-
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plication, Such studies have produced conflicting find-

ings. Henderson (1958) reports that the experimental stu-

dents who were tutored/in the principles of logic and given

practice in their use; showed greater gains on measures

of critical thinking than did their controls. Dressel

and Mayhew (1954)', on the other hand, report that in-
/

stitutions having a special course in critical thinking

do not stand apart from those which do not have such

courses. According to Dressel and Mayhew (1960) evidence

favors direct teaching over indirect teaching of scientific

methods and attitudes.

The number of measuring instruments that test for

critical thinking is small - WGCTA, ACE, TPCT, CCTT.

The Watson-Glaser Critical Thinking Appraisal (WGCTA)

has been widt2y used. The itemson this instrument are

not specifically limited to science; and, as a result,

any change in scores may be attributed to other disci-

plines. Because of this, any difference between group

scores can be attributed to a particular instructional

procedure in science if the experimental and 'Control

groups have identical teachers and types of courses in

all other subjects, Yager (1966) supported the idea
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that there are other factors influencing the development

of critical thinking besides the course being taught.

He used the BSCS Bl' , Version in his study and indicated

that the teacher ,es affect the development of critical

thinking skill in students.

An increasingly important concern, of science edu-

cators is whether or not new curri,tlum materials, such

as PSSC, BSCS, HPP, and ESCP materials, directly enhance

the ability to think critically. The relevant literature,

contains a number of reports on critical thinking. The

following paragraphs present a small but representative

sample of the studies which attempted to measure critical

thinking As one of the outcomes of a particular curriculum

and/or course. The6/GCTA test was the most common in-

strument used in res arch studies.'
\

Several studie8 arumb, 1965; Heath, 1964; Troxel,

1968) have considered the effect of PSSC, CHEM Study,

and CBA courses on critical thinking skills. The results

of these studies indicate that these course-experiences

enhance the critical thinking ability of students more than

traditional courses. Gains in critical thinking-in both

CBA and CHEM Study were found by Troxel to be superior

to those in a traditional course; and, for able students,

CBA was superior to CHEM Study.
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Henkel (1967-1968) investigated the effects that

the instruction in two undergraduate courses in general

physics had on the critical thinking ability of students.

The study involved some of the students enrolled in

two sophomore level physics courses designed respectively

for non-physics majors in teacher education and for

students in other science related programs. The experi-

mental group utilized the PSSC curriculum and was taught

by discussion methods, with the laboratory experiments

designed to emphasize a "discovery" rather than a

"verification function." The control groups utilized a

more traditional general physics curriculum. The WGCTA

test was given to evaluata.ability to formulate hypotheses

and to draw valid conclusions about non-scientific

everyday problems. Henkel showed that instruction in

undergraduate general physics has a positive effect

upon the critical thinking ability of students and that

this effect has little correlation with physics aptitude

and physics achievement. The increase in critical

thinking ability in a group of students utilizing the

PSSC curriculum was statistically significant. In

general, students with prior physics training showed

a significantly greater growth in critical thinking

ability than those students without such prior training.
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Finally, there was insufficient e%idence to determine

/which teaching methods were superior in enhancing

critical thinking.

Rickert (1962) reported that an experimental group

of college freshmen in a physical science survey course

showed significantly greater gain (at 0.05 level) in

critical thinking skills than control groups in the same

course and in a traditional physics survey course.

Craven (1966) found that neither critical thinking

ability nor the understanding of science were major

learning results of college science courses. This con-

clusion was based on: (a) negative or non-significant

correlations between the Cornell Critical Thinking Test

(CCTT) and the Test on Understanding Science (TOUS)

scores and the total number of science grade points

earned by members of each group; (b) lack of a signifi-

cant difference in critical thinking ability or is

understanding of science between science teacher candi-

dates and social science teacher candidates, the latter

group having completed half as many credits in science

as the former; (c) failure to find a significant differ-

ence either in critical thinking ability or understanding

of science between high and low sub-groups of science

teacher candidates selected on each of the following-
,
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bases: (a) total number of science grade points earned;

(b) the biological - physical science ratio of science

credits completed. Craven also found' indications that

both the science teacher candidates and. the non-science

oriented groups had misconceptions concerning the nature

of science and scientists.

The teacher has been identified by many investigators

as a major factor in the development of the critical

thinki and creative interests of students in science.

;:g
,Report by Taylor (1958) summarized the research related

to thei problem.

he research tends to indicate that if an increased

abil ty to think critically is a desired outcome, then an

instructional procedure which is laboratory - centered

can be developed to increase this ability. There are

many factors operating in the development of critical

thinking besides the course outline. Yager (1966) showed

that the individual teacher does affect student achieve-

ment, including critical thinking, and that different

teachers differ in their ability to help students develop

critical thinking.

A survey of the literature related to improving criti-

cal thinking leads to several general conclusions. The

attempts to establish experimentally the psychological
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natue of thinking have not given conclusive results.

Research into effective teaching methods for critical

thinking is baped almost entirely on pupil activity in

problem solving and scientific induction.

Attitudes toward the Course and

toward Open Instructional Climate

The ways in which attitudes are developed are many

and complex. It is exceedingly difficult to attribute

the formation of an attitude to one specific factor be-

cause many influences work together. Nor is the develop-

ment of attitudes merely a result of the maturational

process. Attitudes seem to be responses learned as a

result of satisfying or frustrating the needs.of an indi-

vidual. "If a person has a satisfying experience, he will

develop a favorable attitude toward the situation in

which he had that experience. If, on the other hand, he

has an unsatisfying experience, his attitude toward the

situation involved in that experience will be unfavor-

able." (Sorenson, 1964, p. 351)

Kelman (1961) proposed a model to conceptualize the

processes of attitude formation and attitude change. It

starts with the assumption that opinions adopted under

different conditions of social influence and, based .on

different motivations, will differ in terms of their
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qualitative characteristics and their subsequent his-

tories, Thus, if something is kn wn about the deter-

minants and motivational basei of p= ticular attitudes,

prediCtions about the conditions wide which they are

likely to be expressed, the conditions .der which they

are likely to change, and other behavior:, consequences

to which they are likely to lead can be ma. Kelman

called these processes compliance, identific tion, and

internalization,

Researdh.on attitude change. involves many disciplines

and relates to many fundamental questions of human be-

havior, It is, therefore; not surprising that such re-

search raises many questions which are of fundamental

theoretical importance and which also have practical

implications.

Festingerls (1957) "theory of cognitive dissonance"

is one of the major theories of attitude change. Ac-

cording to this theory, cognitive dissonance is created

when a person is Confronted with a communication which

is at variance with his present attitude. The individual

attempts to maintain logical consistency. CoMment on

this tendency has a long history. For instance, Sumner's

(1907) "strain towards consistency "; and Newcombls (1953)

"strain towards symmetry" have influenced much research.
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Brehm and Cohen (1959) demonstrated\that a chance
60

event may affect the magnitude of dissonance and co.

sequent attitude change, but only under conditions of

high choice. Experimentally, these authors found that

in a low choice situation, that is, one in which the

subject felt he had little alternative but to do what

was required of him, no significant attitude change oc-

curred. On the other hand, the attiti 1 of the subject to-

wards the Sit accompli became significantly more posi-

tive under conditions in which he felt he had a high

degree of choice.

The studies summarized below are indicative of the

kind of studies that have been made to investigate the

attitude changes which may be attributed to school in-

struction. Coulter (1965) found that inductive methods

of teaching produced significantly greater attainment of

scientific attitudes and more positive attitudes toward

instruction than deductive methods. Sorenson (1966)

found that laboratory-centered teaching produced sig-

nificantly desirable changes in dogmatism tests, while

no such changes were f and ix lecture-demonstration

groups. Mahan (1963), sing a problem-solving approach,

measured a greater growth in personal adjustment and

attitude than a traditional approach.
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Graig and Holsback (1964) used existing student

attitudes in general science to develop other attitudes.

Students with low initial interest in a particular area

were given supplementary learning experiences using

activities they enjoyed. This method raised the interest

level of students with few interests, but made little

difference to students with an initial wide range of

interests.

Even though the number of studies to investigate the

attitude changes which may be attributed to school in-

struction are several times the number reported here,

their general nature should now be clear. The above

studies are samples indicating possible attitude changes

as a result of teaching. The majority of these studies

support the belief that attitudes can be changed by

teaching. The results suggest that much more could be

done to develop definite attitudes if every teacher

could recognize that the formation of,desirable atti-

tudes is one of the primary objectives of education.

Gallagher (1969) found that high school students

enrolled in physics and chemistry demonstrated more favor-

able attitudes toward science, science teachers, and

"myself as A scientist." Students rated the personality

dimension for science, scientists, and science teachers
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lower than other dimensions and perceived science, sci-

entists, and science teachers as detached and unfriendly.

The following is just a sample of a large number of

studies that dealt with factors which are of primary in-

fluence on attitude changes.

Welch (1969) examined factors which might be sig-

nificantly related to satisfaction with high school

physics. He found that expressed course satisfaction is

only slightly related to initial ability in science,

initial interest, attitude toward physics or general

mental ability. Expressed course satisfaction is sig-

nificantly related to success such as achievement

gains. For students, it is not what students

expect to happen that leads to satisfaction, but what

actually does happen. One thing that does happen is

that students often receive low grades relative to their

grades in other courses and relative to their median I.Q.

Attitudes toward school subjects have been investiga-

ted extensively, and usually found to reflect the suc-

cess of students in a particular subject. In other words,

the total experience of the student with a subject, say

physics, and his preference for the subject determines

to some degree his success in it, and vice versa.
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Poffenberger & Norton (1959) theorized that lack

of interest in mathematics is a cultural phenomenon found

both in our educa ional institutions and in our homes.

Attitudes are developed by a variety of experiences.

Some children develop attitudes in the home before they

start school; others develop them as a result 'f their

educational experiences with the subject matter and their

teachers. By the time a student enters high school, and

ceitainliby the time he gets to college, his attitude

towards mathematics has already been formed and is dif-

ficult to change. It would be interesting to investi-

gate the generalization of Poffenberger and Norton's

theory as applied to science.

Some investigators see the teacher as the primary

influence in developing positive attitudes toward sci-

ence. His personality, his knowledge, and his own atti-

tude are determining factors in whether his students have

a positive attitude toward his subject area. Others stress

the subject itself as the influencing factor. Poffenberger

and Norton believe the home and general cultural climate

to be of prime influence. All three points of view have

something significant to say to educators. 'They point to

areas which need further study and they suggest directions

for changes in teacher selection and preparation and also

in curiiiculum thrusts.



33

Ramsey and Howe (1969, p. 68), in an analysis of

research on instructional proceOres, wrote: "A Btu-

, dentls attitude toward science may well be more important
46

than his understanding of science: his attitudes de-

termine how he will use his knowledge. For thin reason

development of attitude; as a part of science in-

struction is an area requiring increasing research."

The extent to which, student interests relate to

'student attitudes is very much a moot point. Yet it

cannot be flenied" that the development of student interest

in science is particularly difficult if students have

nagative,attitues toward science.

The research on attitude development still heaves

many fundamental questions unanswered. The evidence is

mounting that attitudes can be measured and that teaching

procedures can be devised"to bring about attitude change.

However, much more work is needed to bring about a refine-

ment -of instruments and procedures. There is still a

question About the relation between actual behavior and

scores on written tem:s. Fundamental research must to

done to find what relation exists between them.
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B. Literquallagld to Prediction

of Student Chances

There will be no attempt to review all of the ac-

cumulated literature related to intelligence testing and

the prediction of scholastic success. Rather, some of

the more recent studies pertaining to general prediction

problems will be reviewed in order to show the trends in

this area. Also a review will.be made of differential

prediction studies related to physical sciences and to

reports using some of the variables used in the present

study.

The idea of predicting general college success has

received considerable attention since the development of

intelligence and various standardized tests in the 1920's.

These tests were used for admission purposes and the

selection of students. MacPhail (1924) summarized al-

most every article concerning intelligence testing prior

to 1924.

In reviewing the- literature, it war, found that there

were many prediction studies reported during the period

1920-1943. A comprehensive review of over 700 prediction

studies was made by Durflinger (1943). This review

compared the results of correlating intelligence tests
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and achievement tests with college grades. DurflInger

reported that the median correlation between intelligence

test scores-was atout 0.45 with college grades. He also

reported that higher correlations were obtained when a

multiple correlation was made using a combination of

intelligence tests, achievement test scores, and high

school grades. The median of these multiple correlations

ranged from 0.60 to 0.70.

Many studieslhave reported that the most useful item

for predicting general college success is the high school

achievement record, expressed either as a high school

grade point average or rank in graduating class. Cosard

(1953) summarized in tabular form the findings of thirty-

five studies investigating the relationship between high

school grades and college success. The correlation co-

efficient was found to *0.53, while the range was from

0.41 to 0.68. The correlation of rank with c .ege axio-

m's ranged from 0.36 to 0.62.

Bou and Stovall (1950) reported that a single pre-

dictor, such as high school achievement, should not be

used alone. They correlated the high school grade point

average with high school size and obtained a median

corraation of 0.57. They reported that grades "A", or

"B" in a large high school carried `more weight than
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the same marks in a smaller high school. Also, it was

noted.that students who had an average graci.e of "C" from

a large high school were as successful in college as

those who earned a "B" average in a high school with

fewer than 300 students.

One of the moat comprehensive reviews of the liter-

ature concerning factors related to scholastic success

in college was reported by Garrett (1949). He lists

five factors in order of importance for predictive value.

These are high school scholarship, including rank in

graduating class and grade point average (r=0.56),

general achievement test scores (r=0.47), general apti-

tude test scores (r=0.43), and specific aptitude teat

scores (r0.41).

Frederickson and Shrader (1952) reported the results

of a comprehensive study made at twelve different schools

across the country using the American Council on Educa-

as Psychological, Examination, (ACPE) along with the

high school rank as predictor variables for college suc-

cess. It was reported that high school marking suffered

from the disadvantage that various secondary schools used

grading systems which were very different. Rank in class

overcame this difficulty and was. presumably preferable to

average grade. Frederickson and Shrader reported a large
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percentage of veterans on the campuses and believed it

was necessary to consider the veterans and non-veterans

separately. The median correlation obtained between the

freshman grade point average and the ACPE was 0.49 for

veterans and 0.45 for non-veterans. The use of rank as a

Predictor variable proved to be superior, with a median

correlation of 0.53 for veterans and 0.60 for non-

veterans. When the two variables were used jointly,

the median correlation was 0.60 for male veterans and

0.68 for male non-veterans.

Bonner (1957) studied a sample of 260 freshmen, us-
--

ing high school rank along with Other variables to de-

termine which ones were the best for prediction purposes.

High school rank in class was found to be the beat pre-

dictor for first quarter college grade point average.

In the area of physics, there has been a long stand-

ing argument among college physics teachers as to the

value of high school physics. Foster (1938) reported

that students with high school physics as a part of their

preparation had an average grade of 82.58 out of a pos-

sible 100, while those who had. not taken high school

physics had an average of 79.85. The influence of high

school mathematics appeared to be negligible (r=0.13),

but the influence of high school physics was quite high

(r=0.70).
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Hurd (1953, pp. 439-449) discussed the gene141 state

of the high school physics course and various studies

relating to its value. He made the remark that "there

is no real evidence that high school ,physics is essential

to sucoesful work in college physics."

Easter (1954) studied a group of 166 women students

of whom 85 had completed physics while in high school

and 81 had not. He found the average grade point in

physics of those who had had high school physics to be

2.41, while those who had not had high school physics _

were found to have a grade point average in.physics of

1.64. After statistically eliminating the effect of the

variable of intelligence, he found that the difference

of 0.77 in the grade point was significant and concluded

that a course in high school physics was valuable to

college students of physics.

Renner (1965, p. 620),reported a survey conducted

to determine the type of introductory physics courses

offered in college physicepartments, He questioned

whether special courses were offered for those students

who had completed high school physics. Analysis of the

questionnaires indicated that very few colleges or uni-

versities offered special consideration to such students.

In answer to the question: "Do colleges consider high

school physics courses as being valuable enough to grant
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advanced standing in physics or to change the type of

beginning physics course the stuient will - take ?" twenty-

nine out of thirty-eight midwestern colleges and uni-

versities indicated that there was no need for such a

course. Predicting success in the physical sciences with

any accuracy has proved to be difficult. Prediction of

success in English, the social sciences, the biological

sciences, and mathematics has been shown more accurate

than similar predictions-in the physical sciences. This

could be caused by the fact that students in physical

science are more homogeneous in nature.

Giessow (1953) obtained predictions for freshman

science courses by using nine predictor variables from

high school records and seven from entrance examinations.

The five natural science courses studied at Washington

University in St. Louis were: basic physical science,

general plant biology, general inorganic chemistry,

general, geology, and general physics. The predictor

variables from the students' high school records were:

total terms in mathematics and science; total grade points

in general science, biology or botany, chemistry, physics,

or some other science; grade point average in all sci-

ences and mathematics; and percentile rank at high school

graduation. Seven predictOrs from the scores in the

Washington University Scholastic Aptitude Test were also
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used. These were reading, linguistics, reasoning, the

gatiaildiSAgratiudi Test, and quantitative, perceptual,

and mechanical comprehension. For each course, the

criterion was the letter grade earned at the end of the,

first semester. In the differential study, a multiple

regression equation for predicting the general physics

grade was developed. This included only two of the

original predictor variables, namely the Quantitative

Subteat and the grade point average in high school sci-

ence. These two variables gave a multiple R of 0.79.

Another article which dealt directly with the

measurement of student achievement in college physics was

prepared by Xruglak (1965). This Resource Letter was

prepared at the request of the American Association of

Physics Teachers and supported by a grant from the

National Science Foundation. It was one of a series of

Resource Letters intended to guide college physicists

to some of the literature that could improve course con-

tent. A list of seventy-eight articles was given, all

dealing with the important area of testing for student

achievement in college physics. The author reported that

the grades received in physics courses were at best "an

order of magnitude estimation" and that measurement of

achievement in physics was still largely an unexplored

area.
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There have bben a relatively small number of

studies concerned with the,, prediction of success in col-
t

lege physics. Bolte (1966)'used multiple correlation

techniques to analyze the high school and college sci-

ence and mathematics' backgrounds of students who had

completed the first semester of college physics. Only

the following two variables of the original twelve vari-

ables remained as significant predictors of success in

college physics: high school grade point and high

school physics. The high school grade point average was

the best predictor and the high school physics grade thi

worst predictor. Although high school physics was the '

least important of the five predictors, it remained a

significant predictor. High school background in mathe-

matics appeared to have nO predictive value in determin-

ing success in college.

Sachtleben (1967) investigated the predictive value

of the Scholastic Aptitude Illt and the various back-

ground variables of high school and college work for

success in the first semester of college physics. High

school background in mathematics, chemistry, and biology,

and also the size of high school class, were shown to be

insignificant predictors for success in college physics.

Converted high school rank was the most significant pre-

dictor. This variable included a measure of a stIdent's
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attitudinal and motivational factors which had been

present throughout his high school experiences. Ad-

vanced high school and college mathematics courses,

along with physics, could be considered beneficial to

the student of college physics. The SAT mathematics

scores were of oonsiderible predictive value, as were

type of college and sex of the dtudent,

Bolters study.at a large state university and

Sachtlebents study at six liberal arts colleges in-

dicated the common significant variables. The results

showed that the high school grade point average or con-

verted rank, courses in high school physics, freshman

college mathematics, and college chemistry were all

associated with success in college physics.

One of the most extensive studies by Adams and

Garrett (1954) on beginning physics students at Louisiana

State University showed that artioulation between college

physics and various types of high school work was poor,

but that high school records were better predictors of

success in college physics than entrance examination

scores. It was indicated, however, that at least high

school physics did not hinder the student of college

physics.

Foster (1938) reported a partial correlation of

0.70 between success in general college physics and high
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school physics. At 0.77, the partial correlation between

success in general college physics and native intelligence

was, however, higher at 0.77. By way of comparison, it

is interesting t- note that the partial correlation between

college physics and high school mathematics was only 0.13.

Foster concluded that high school physics was not a

negligible factor .in the success of, college students of

physics.

Finger, Dillon, and Corbin (1965) studied success

in college physics for students classified as to their

high school background in physics. They used three

groups consisting of students with PSSC physics, students

with conventional physics, and students with no high

school physics. The results, generally implied that no

significant difference in performance in college physics

existed among the three groups.

A review of the literature reveals that the idea

of predicting college success has been an impon,ant part

of educational research since .the developmentl of standard-

ized tests. Numerous studies have been conducted to

predict general college` success, but only within the

past twenty years have studies been made dealing with

differential prediction.

As one reviews the research done in this area,

several weaknesses appear in many of the studies. Samples
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involving a relatively small number of students were

noted. In those cases no statistical justification was

attempted to validate the conclusions derived from the

analysis of the sample data. Another weakness noted was

that no test of significance was applied to the correla-

tion coefficients. The correlation coefficient between

the variables investigated and success in college was

the usual method of showing relationships. The magnitUde

of the correlation coefficient was then used as an index

of the predictive value of the variable. If no twit

of significance was performed, then little value could

be placed in the results of the study.

As one reviews the literature in chronological

order, he notices several trends. In the earlier studies

only a few variables were used. This was caused, in

part, by the long calculations involved. Recently,

however, more variables have been used in the studies

and the multiple correlations and regression equations

can now be found by using advanced computer techniques.

It is noteworthy, also, that throughout the years new

variables continue t, appear as different standardized

tests become available. Therefore, constant research

is needed in this area so that prediction techniques can

be reviewed, revised, and updated by adding new vari-

ables as these new instruments become available.
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C.. Literature Related to Effect of

Personality on Student-Ohanges

Despite the critical importance of personal char-

acteristics and a half-century ofoprodigious research

effort, very little is known aboUt thd nature of person -

ality, Most of the studies have not produced significant

results. Many others have produced only pedestrian find-

ings (Getzels, 1955).

A number of serious obstacles face the researA-

worker in the area of personality. Three problems il-

lustrate the situation; i.e the problem of definition,

the problem of instrumentation, and the problem of the

criterion.

There are profound differences in what is meant by

the term "personality," Definita.ons are often contra-

dictory; observations are often based on other defini-

tions. In general, the more common definitions may be

classified into two main categories: (a) behavioral

definitions; that is, personality is the totality of a

person's usual behavior; (b) social - stimulus definitions;

that is, personality is defined by the response made by

others to the individual. The problem is not that there

are different conceptions of personality, but that re-

searchers fail to distinguish one conception from another,

and thus the data obtained from one definition are not
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differentiated from the data obtained in terms of

another (Getzels, 1953).

Gowan (1964) theorized that the causal factors

which allow individUals to assume their sponsoring roles

in fostering creative work arc deeply imbedded within

their personality structures. While many writers have

made this assumption, little experimental evidence is

available to support their claim.

Rokeach (1959) has conceptualized dogmatism in

terms of the degree to which a belief-disbelief system is

"open" or "closed." For him, the basic, characteristics

that define the extent to which the belief system is open

are a person's capacity to receive and to analyze stimulus

information objectively, without distortion, and then to

respond to the information on the basis of its own

intrinsic merits, unimpeded by irrelevant factors in the

bihLation which arise from within the person himself or

from external factors. In this conceptualization, the

more closed-minded an individual, the more difficult it

is to distinguish between information received about the

sc. trce and information received about the world. Con-

versely, the open-minded individual is better able to re-

ceive and analyze information objectively, to act upon

the information independently, and to judge the informa-

tion on its own merits.
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The open-minded individual characterized b Rokeach

needs the opportunity to make independent decisionef to

plan his method of work, to observe and try, to understand

others, to analyze his own motives, and to engage in social

activities in order to satisfy hii needs. Conversely,

other conditions such as explicit directions, encourage-

ment, the completion of t,.e task undertaken, and benevolent

authoritarian leaders or supervisors are necessary-in order

that the closed-minded individual may satisfy his needs.

For the optimum satisfaction of needs, those with closed

minds require a different psychological climate. It is

reasonable to expect that certain tasks may be accomplished

satisfactorily 'by those with open minds, while these same

tasks would be more difficult if performed by those with

closed minds, and, vice versa.

"Dogmatism" in the present study, as in Open and

Closed Minds, refers to a closed way of thinking which

can be associated with any ideology, regardless of con-

tent, an authoritarian outlook on life, an intolerance.

toward those with opposing beliefs, and e -sufferance of

'those with similar beliefs. To 84 that a person is dog-

matic or that his belief system is closed is to say some-

thing about the way he believes and the way he thinks -

not only about single issues but also about networks of

issues.' The main concern is with the structure rather
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than the content of. beliefs, (Within this framework it

would be of interest to explore the relationship between

belief and thOught and the possibility that there is a

basic unity between them, If something is known about the

way a person believes, is it possiblE to predict how he

will go about solving problems that have nothing to do

with his ideology?)

At first glance rigid d dogmatic thinking appear to

be synonymous; they botli refer to resistance to change,

Rokeach (1959), however, recognizes the distinction be-

tween "rigid" and "dogmatic" thinking. The first refers

to the resistance to change of single beliefs (or sets of

habits), and -k.e second refers to the resistafice to change

of systems of beliefs. For example, is ordinarily

stated that a person is performing a ask rigidly, not

dogmatically. Thus, the referent:of dogmatic thinking

seems to be a total cognitive confguration of ideas and

beliefs organized into a relatively closed system; rigid-
,

ity, on the other hand, points to4ifficulties in overcom-

ing'single sets or beliefs encountered in attacking, solv-

ing, or learning specific tasks or problems.

Dressel and Mayhew (1954) observed that when con-

fronted with problems, individuals in general behave as

follows:
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(a) They tend to avoid real problem-solving.

(b) They apply only a limited stock of techniques

to solve them.

(c) They are satisfied with partial solutions.

(d) They change the problem completely.

(e) They escape from it entirely.

These behavior patterns indicate the influence of

emotional factors on critical thinking. This relation-

ship between personality and cognitive variables was

first established by the research of Else Frenkel-Brunsw...

(1949) who found that as a result of early parent-child

relationshipsr there emerges variance in ability of

youth to tolerat. ambiguity, and that this emotional

and social ambivalence manifests itself it the cognitive

spheres (thinking, perception, and memory). Postman and

his associates (1948) concluded from their research that

the individual establishes a perceptual defense against

inimical stimuli. In his study of rumor, Allport (1935)

observed that what leads to obAteration of some details

and falsification of others occurs because the force of

the intellectual and emotional context existing in the

individual's mind leads to the assimilation of ideas in

accordance with the values inherent within the individual.

Thus, Maslow (1954) concluded that individuals ward off

threatening anpects of reality which at the same time
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//
provide the individual with a compensatory feeling that

he understands it. This fcra of thinking is referred
1

to as dogmatic.

Such behavior patterns as those listed above lower

the individual's efficiency in critical thinking. When

they are examined, it is noted that emotional effects exert

a pervasive influence on the outcome. Individuals appar-

ently try to cope with a situation through the use of dis-

tortion, narrowing, or withdrawal. They do,nat-taliiiiie--

ambiguity and move toward "closure" without sufficient con-

sideration of the various aspects of the problem necessary

to solve it. Of course, others confront a new experience

very differently; they approach it in all its details.

They analyze, evaluate, discard, or integrate part or all

of it. The more open-minded the indiilduals, as measured

ty the Dogmatism Scale, the more perceptively they examine

diffel.ant aspects of the experience, try to clarify the

ambiguity, and strive to see the relationship among the

parts.

Solomon (1953) found that open-minded college stu-

dents, as measured by the Dogmatism Scale, showed greater

ability to discard preconceived ideas and to integrate

or accept new and scientifically demonstrated facts.

These open-minded persons in whom there is almost a com-

plete absence of defer es and an increase in spontaneity
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and honesty, resemble the self-actualizing individuals

described by Maslow (1954). The distinct difference: in

the approach to critical thinking as measured by WGCTA

between the open and closed minds led to the assumption

that in situations requiring the performance of higher

thought processes, the low=dogmatic individuals would

be more efficient than the high.

There is some evidence that a measure of rigidity

might serve as a somewhat rough index of creativity.

Fleming and Weintraub (1962) discovered a moderately

negative relationship (r = 0.41) between rigidity and

verbal creativity among children.

Kemp (1960) compared those students who were low

with those who were high in dogmatism, with reference to

their ability in critical thinking as indicated in prob-

lem-solving. Five hundred college freshmen were used in

the sample, and each student participating in the study

was administered the Dogmatism Scale, Form E, developed

and standardized by Rokeach (1959). The Dogmatism Scale

was used as a means of classifying the student's dog-

matism. Fifty problems in critical thinking involving

analysis and evaluation were administered to the students.

Both students with the highest and lowest scores in rela-

tion to dogmatism were selected for this comparison.



Kemp found that in critical thinking, the low dogmatics

are more successful than the high.

Kemp (1964) showed that open-minded and closed-

minded students, as measured by the Dogmatiam Scale,

differ significantly in character and degree. A random

sample of 120 university students of both sexes was

used in the study. The open-minded have a greater need

for autonomy, dominance, intraception and heterosexuality;

the closed-minded have a greater need for nurturance and
I

endurance.

Adorn°, Frenkel-Brunswick, Levinson, and Sanford

(1950) hypothesized that some individuals are consistently

rigid, anxious, and generally receptive to authoritarian

statements. At the opposite extreme there are individuals

who tend to reject authoritarian statements and might be

described as flexible.

A review of the literature reveals numerous studies

that have explored the relationship between various

aspects of the academic background of students and their

achievements. There are, on the other hand,lonly a very

few studies designed to determine the relatiOnships;be-

tween student personality and his learning and attitude

toward such learning. Thus, to research the outcomes of

such an attempt has been an obvious impossibility. Since

the majority of the subjects in the present study are
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prospective elementary teachers, a review of some of the

most recent studies pertaining to teacher personality and

its relationship to learning might be informative in giv-

ing a clue to the relationship between student personality

and his learning.

The American Educational Research Association (1952,

1953) stated the main reason for conceptual and experi-

mental limitations of research on personality and

student change: research in this field is conducted

in a theoretical vacuum. Investigators are busy seeking

ad hoc solutions to immediate problems with little regard

to the theoretical meaning or, long-range fruitfulness of

'the findings. Hypotheses are based upon over-simplifica-

tions of personality, leading to inadequate methodology

and to conclusions which make neither psychological, socio-

logical, nor common sense. The authors concluded that

only by working with the context of sound theory can one

hope for useful, relevant, and widely applicable findings

(American Educational Research Association, 1952).

Getzele and Jackson (1967) argued that cognitive

variables usually do not correlate with pupil growth as

measured by changes in behavior. Much remains to be

learned about the art of systematic classroom observations.

The teacher's behavior changes when an observer is present
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and the observer can sample only a small part of the

teacher's repertoire.

In a national, sample of physics classes, Rothman,

Walberg, and Welch (1969) examined the relationship be-

tween teacher characteristics of training, experience,

attitudes, personality, and values, and these areas of

student learning: achievement, irterest in and under-

standing of science, and attitudes toward physics and

teaching. Rothman et al., 1969, found that the teacher's

personality and value system is more strongly related to

students' achievements in physics, attitudes toward

physics, and interest :1-, science than the teacher's

preparation in phyr_cs, mathematins, history and philos-

ophy of science, his knowledge of physics; or years of

physics teaching experience.

Rothman (1969), examining the relationships between

teachers' backgrounds, personalities, and attitudes to-

ward physics and student learning, found also that stu-

dents acquire more knowledge about physics when taught

by teachers with extensive preparation in physics and

methematics. However, these same students appear to lose

interest in physics. Students of same teachers who find

mathematics /and, physics understandable and important, re-

port that they have found physics less intereeting.

Rothman reported a significant relationship between
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teacher personality, as measured by the Edwards Personal

Preference Schedule (EPPS) and Allnort-Vernon-Lindze,

Study of Values (An), and students' cognitive learning,

as measured by the Luton (TOUS),

the Welch Science Process Inventory NSPI), and the

Project Achievement Test (PAT). The joint action of the

teacher personality variables accounted for 70.6 percent

of the variance in the three measures of cognitive learn-

ing. However, the report indicated that no overall rela-

tionships exist between the teacher personality variables

and changes in student attitudes and'interests.

One personality characteristic that has received

some consideration in the past few years is dogmatism or

the degree of open- and closed-mindedness within the

-'belief system. The importance of open-mindedness for

tasks involving personal interaction, leaderehip, and

social understanding seems incontestable. Several writers,

including Barr & Eman (1930); Charters (1929); Weir (1963);

and Wendt (1961) have suggested that open -mindedness is

a most important variable in promoting a good instruction-

al climate at all levels of learning.

While dogmatism is being investigated as a student

characteristic affecting learning under different teach-

ing mellods, a more specific theory about the conditions
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which are effective in producing learning for students

of high and low dogmatism is needed.

Ackerman (1954) reviewed more than thirty studies

that attempted to relate teacher characteristics with

the criterion "measured student change." These studies

used student attitude towards teachers, teaching experi-

ence and preparation, teacher age, intelligence, profes-
i

sional information, personality, social attitudes, and

relationships with pupils as dependent variables. The

authorsconcludedthat, in general, the results were

contradictory and inconsistent. Inconclusive and con-

flicting results have often been reported (Davisi1964;

Schmedemann, 1967).

Yager (1966) found that the individual teacher af-,

fects the outcome o instruction science, the growth

of critical thinking, the understanding of the nature of

science and scientists, and student attitudes toward a

given course. A teacher can be strong in stimulating a

particular outcome of learning in his students while be-

ing weak in another aspect. Yager recommended that

specific traits of teachers should be studied in order to

establish patterns producing desirable results in student

achievement. Such information would be invaluable in the

recruitment of persons to the teaching profession, to in-

service experience, and to pre-service training.
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As the focus shifts to student characteristics, re-

search designs should employ teaching method variables

and dimensions of individual differences belring'some

theoretical relationship to one another, as suggested by

Cronbach (1971).
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CHAPTER III

METHODS AND PROCEDURE

A. Selection of the Sample

The sample selected; for this study consisted of

students enrolled in the course called thought and Struc-

ture in Physical Science"(LAS 140) designed for non-science

majors at the Urbana-Champaign Campus of the University

of Illinois during the fall semester of the 1971-72 aca-

demic year. Four hundred and seventy-one students were

included in the sample. The class was composed of eighty-

four percent freshmen and sophomores, sixteen percent juniors

and seniors. Although ninety-nine percent of the students

came from the State of Illinois, the remaining one percent

of the students graduated from high schools in fifteen

different states. One of the targets for the course was pro-

spective elementary teachers, which accounts for the fact that

sixty percent were elementary education majors. The students

were randomly assigned to the three lecture groups and to

the several discussion and laboratory sections. Forty per-

cent of the enrollees were women. The philosophy and ob-

jectives of the "Thought" course can be found in Appendix

B on pages 178 through 184.
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B. Selection of the Variables

When one attempts to select the independent variables,

it is necessary to make some preliminary decisions. Since

it was not possible to consider all academic, biographical,

and personal characteristics, it was necessary to estab-

lish some guidelines for the selection of the variables.

The guidelines established are listed below:

1. It must be possible to express t1e variable as a

numerical value.

2. The variable must be availabl for a large

number of students.

3. The variable must be related in some way to

each of the dependent variables.

4. The variable is relevant in the judgment of the

investigator andthe teaching staff.

The last two of these guidelines require personal

judgment based on the experience and interest of the

investigator in teaching physical science to non-science

majors. The variables chosen for this study include some

factors which were found to be important Di.previous

investigations and some which seemed to be peculiar to the

theoretical framework of the course and more modern ob-

jectives in science teaching.
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It was of particular interest to determine what frac-

tion of the total -effect various high school and college

science and mathematics courses had on student changes.

For example, it might be expected that high school

mathematics courses would affect.a student's later perform-

ance in college physical science. These courses have con-

siderable interrelation based on various reports in the

literature. The various mathematics and science courses

were Chosen for variables beCause of the presupposition

generally held by many students and instructors, t

previous high school courses in mathematics the sci-

ences are prerequisite to success in _c lege physical

science courses.

The majority of the colleges throughout the country
(

use some form of, entrance examination. The University o

Illinois uses the American College Testing Program (ACT)!\

examinations. Because of the widespread use of this

examination, the scores were included as variables.

On the bails' of the considerations indicated above,

data were secured and recorded on IBM cards concerning

the twenty-six independent variables and the four criter-

ion measures listed in Chapter I on page 6.

Although the grade is a universal way of rating the

academic success of students, thii investigator chose not

to use it for several reasons. The staff in the course
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emphasizes grades as an- indicator of success/and puts

more emphasis upon generating diversity. The staff also

feels tht a prop'rly designed curriculum should assure

success for all individuals but not in the same manner.

'In other words, the staff claims to be concerned not so

much with 'teaching the "right brand of physical science"

as they pe7ceive it, but with examining what Polyani calls

"personal knowledge." They are interested in the nature

of evidence relative to each st:tdent's concep:.aal view.

They fdel thr this method will allow the student to

operate within assumptions of his own, and would also al-

low nim 'to defend a choice most consistent with his own

view. It is also possible that variations in grading pro-

cedures between instructors might affect the criterion

variable:

The number ok hours of science and mathematics

courses was chosen as a variable because the interest in

this study was to compare the effect of academic and
6

personal characteristics of students on learning. Insteau

of using previous achievement in each high school course,

the quality of student work is considered on a more

general basis by using high school rank of the students.

Previous investigators, including Naibert (1964),

Dyer (1952), and Fricke (1958), used the College Entrance

Examination Board verbal and mathematics scores to predict

I
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general college success. These sc,-res have also been used

for differential prediction in the area of chemistry. Jince

the University of Illinois required ACT scores for admission

purposes, it was decided to use these scores as predictor

variables.'

From the previous discussion concerning the
4

variables in this study, the following undrstanding

should be str'ssed. It is not implied that the variables

being considered, in :relation to each of the dependent

variables, are the only ones which are actually related.

Instead, these are the variables which lend themselves to

a reasonably accurate measurement and satisfy the four

assumptions stated at the beginning of this chapter. They

can also be treated statistically by using computer tech-

niques.

C. Instrumentation

Each of the six instruments was selected to measure

a particular aspect of interest in the study. Five\instru-

ments were used on a pretest - posttest basis. Only the

CPI was administered on a pretest basi8. The six instru-

ments used in the study are:

N` 1. Test on Understanding Science, Form W (TOUS)

2. Wa onts-Glaser Critical Thinking Appraisal,

Form YM & ZM (WGCTA)
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3. Silance Attitude Toward Anx School Subject, Forms

A & B Short Forms (Silance)

4. Student Perception of Teacher Style (SPOTS)

5. 1220aasmScale, Form E (DS)

6. California Psychological Inventory (CPI)

S2ecific statistical data concerning the four instruments

are summarized in Appendices C through G. Brief outlines of

the various instruments follow.

Test On Understanding Science

The Test On Understanding Science (TOUS) was developed

to meet a definite need. During the years preceding the

development of this test in 1961, evidence mounted that

pupils' understanding of science and scientists was disap-

pointing despite increased exposure to science. Suggestions

were made that historical materials or an investigative

approach might be effective in attaining these important

instructional outcomes. But a valid instrument was needed

to evaluate outcomes in this realm. In fact, Cooley and

Klopfer (1961) developed the test to evaluate their own use

of case histories in the various areas of secondary school

science instruction. The Test On Understanding Science

(TOO) has_a reliability of 0.76. The definition of

understanding of science is illustrated by the following

themes (Cooley, Klopfer, 1961, pp. 3-4).
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The major themes measured by TOUS are divided into three

areas as follows:

\l. Understanding about the scientific enterixise

a. the human element in science

b. communications among scientists

C. scientific societies

d, instruments

e. money

f, the international character of science

g. the interaction of scidnce and society

2. Understanding about scientists

a. generalizations about scientists as people

b. institutional pressures on scientists

c. abilities needed by scientists'

3. Understanding about the methods and aims of science

a. generalities about scientifi6 methods

b, tactics and strategy of sciencing

c, theories and Models

d. aims of science

e. accumulations and falsification

.f. controversies in science

g. science and technology

h., unity and interdependence of the sciences
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Wation-Glaser Critical Thinking Appraisal

The Watson-Glaser Critical Thinking Appraisal is a

widely used'instrument recommended by its authors "... as

a research tool to determine the relationships between

\\critical thinking abilities and other variables or traits."

(Watson & Glaser, 1952, p. 9) They further define what

the test measures:

. . The.total score yielded by the test
represents a valid estimation of the pro-
ficiency of individuals with respect to
these aspects 'of critical thinking:
f 1. The ability to define a problem.

'.' 2. The ability to select pertinent informa-
tion for the solution of a problem,

ability to _recognize stated .and
unstated assumptions,

4. The ability to formulate and select
relevant and promising hypotheses.

5. The ability to draw a valid conclusion
and to judge the validity of inferences.
(Ibid., p. 9)

Watson and Glaser (1964) state that: "The stimulus

situations are similar to those which a citizen in a

democracy might.encounter in his daily life as he works,

reads a newspaper or magazine article, hears speeches, par-

ticipates in discussions on various issues." (p. 2) Forms

1M and AM were used as pretest and posttests. Forms YM

and AM have reliabilities of 0. 86 ands0.77 respectively.

The odd-even split half formula as corrented by Spearman-

Brown was used.
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A Scale to Measure Attitude Toward Au School Subject

The Silance: Attitude Toward Any School Subject instru-

ment (Silance, 1960) was developed to determine sub;),:ct

preferences of students. The subject chosen for this

study was physical science desicned for non-science majors.

The Silance score was computed by finding the median re-

sponse or responses for the subject. The score for that

subject was determined by a w?edetermined value for each

median response. If there were an even number of responses,

the values of the median scores found on the score sheet

were added together and then divided by two. Often the

score was rounded off to one decimal place. The scores for

each subject were ranked.

Equivalent forms were developed for this test, with

reliability ranges from 0.81 to 0.70. They were computed

by using different school subjects. The reliabilities

reported for biology, chemistry, vaiglish, and mathematics

follows:

Subject Reliabl'ity No. in the sample

1. biology r = 0.81 (n = 269)

2. chemistry r = 0.70. (n = 771)

3. English r = 0.74 (n = 705)

ma2,:hematics r = 0.74 (n = 579)

The reliability for college physical sciences is not re-

ported in the literature.
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This scale was the basis for the revised, shorter

scale developed by Silance (1960) to measure attitudes,

toward any'school subject. The exact population upon

which the scale was constructed is uncertain, but it was\

apparently a large sample (several thousand) of high

school students and college undergraduates, Shaw and

Wright (1967) claimed that the scale had adequate content

validity. The original reliability of the scale is not

reported in the literature.

Student Perception of Teacher Style (SPOTS)

Student Perception of Teacher Stat (SPOTS)

is an instrument which measures student attitude toward

instrretional climate (Tuckman, 1970). Previous attempts

with similar objectives (Lewin, Lippitt, & White, 1939;

Wispe, 1951) employed detailed narrative accounts in an ef-

fort to deal effectively with a large sample of behavior.

More widely accepted techniques for studying teaching style

have been developed (Amidon, & Flanders, 1963; Medley, &

Mitzel, 1963; Perkins, 1964). The Amidon-Flanders approach

requires trained observers to enter classrooms, categorize

the verbal behavior of the teacher, and produce matrices of

the verbal responses. In contrast, the Medley-Mitzel Oscar

technique necessitates the observation of "signs" of speci-

fic behavior by trained observers in the classroom. Both

techniques offer objectivity at the expense of efficiency.
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Remmers (1963) suggested that: "Many,of the variances

in research on teaching are so complex-that tests, ques,

tions, and objective behavior records are either inadequate

or too inconvenient."(p. 329). Alternatively, he proposed

that sensitive, complex,and alert human obbervers become

the recording instrument, and that scales be the method of

communication. However, other rating scales developed

(Christensen, 1960; Solomon, 1964) seemed to confoune

the concept of directiveness with other evaluative dimen-

sions of teacher behavior,/such as competence.

Classroom observation
/

plus an examination of the

literature led to an operational definition of directive

teaching, emphasizing structure and interpersonal r,-lation-

ships in the classroom. The following illustrate the SPOTS

concept of directive teaching:

1. formal planning and structuring of course work

2. minimization of informal work or small group

work

3. rigid structuring of small group work wherever,

such is employed

4. rigid structuring of individual and classroom

activities

5. emphasis on factual knowledge or knowledge

derived from sources of authority (books, school

administrators)



69

6, use of absolute and justifiable punishment

7. minimization of the opportunity to make and to

learn from mistakes

8. maintenance of formal relationship with students

9. assumption of total responsibility for grade

10, maintenance of formal classroom atmosphere

The student rating scale developed consists of

seventeen items, each describing a facet of classroom

behavior indicative of the directivenesa or non - directive

ness of teaching style, based on the above operational

definition. The SPOTS test requires students to rate the

intensity or fr,quency of specific teacher behavior on a

nine-point rating scale.

The SPOTS test appears to satisfy the five criterie

(Remmers, 1963) for judging the adequacy of student rating

scales in the following ways: (a) objectivity: it

yielded verifiable and reproducible data; (b) reliability:

it was consistent (r = 0,69 - 0.98, wherevr is the

interjudp reliability coefficient); (c) sensitivity:

it discriminated between both teachers anal teaching

styles; (d) relevance: it was related to the construct

of directiveness (closed classro= climate); (e) util-

ity it was high in efficiency and in practicality.
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Dogmatism Scale (DS)

The Dogmatism Scale, Form I)], was developed (Rokeach,

1959) to identify open and closed belief systems.

The scale focuses on the structure of the belief system

rather than on the content of ideological systems;

it emphasizes how individuals believe, rather than

what they believe. The Dogmatism Scale, Form E, con-

sists of forty Likert-type items, to which subjects

respond by means of a six-element key ranging from

"I agree with the statement" to "I disagree with the

statement." Scores might range .from 40 to 280, with

a high score representing extreme closed-mindedness

and a low score indicating an open mind. High scores

are interpreted as showing dogmatism and lack of recep-

tiveness to new ideas; low scores are interpreted as show-

ing flexibility, adaptability, and receptiveness to new ideas.

The scale is stored by the method of summated ratings where

the higher the score, the greater the degree of closed-mind-

deness. Five editions of the scale are available. The aim

of these revisions was to take advantage of continuing

refinements in the theoretical formulations and to increase

reliability. The final forty-item scale, Form E, was found

to have a corrected reliability of 0.81 for the English

college and 0.78 for the English worker sample. In other
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samples subsequently tested at Michigan State University

and at Ohio State University, the reliabilities range from

0.68 'to 0.93 (Rokeach, 1959, p. 90). These reliabilities

are considered satisfactory, in view of the fact that the

Dogmatism Scale contains an eclectic collection of writings

which.on the surface appear to be unrelated to each other.
4

California Psychological InVentory (CPI)

The California Psychological Inventory, (Gough, 1960).

was developed to measure a set of eighteen personality

characteristics important in social living and social

interaction. The inventory is mainly concerned with those

characteristics of personality which have a wide and per-

vasive applicability to human behavior and which, in

addition,,are related to the favorable and positive aLects

of personality rather than to the morbid and pathological.

A second goal for the CPI was the practical one of de-

vising brief, accurate, and dependable subscales for

the identification and measurement of the variables

chosen for inclusion in the inventory. Based on the

sample used in this study, the reliability for the nine

subscales range from 0.47 to 0.67. A further con-

sideration was that the instrument be convenient, easy to

use, and suitable for large-scale application.

The test booklet contains 480 items and yields

eighteen standard scores. Each scale is intended tc
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consider one important facet of interpersonal psychology;

the total set of eighteen is intended to provide a compre-

hensive survey of an individual from the social inter-

action point of view.

Norms for the CPI were developed from consolidation

of the available samples into a single composition sample

for each sex. Standard scores for males are thus based

On more than 6000 cases, while female norms include more

tian 7000. These totals are fairly large and include

/a wide range of ages, socio-economic groups, and geogra-

phical areas. The CPI has been administered to over

50,000 subjects. Gough (196Q) reported reliability ranges

of 0.60 - 0.74 for males and 0.57 - 0.77 for females for

the nine subscales selected for this study.

The names of the scales were carefully chosen to

describe as closely as possible the kind of behavior they

were designed to reflect. The meaning is made clear by a

knowledge of the definition or purpose of the scale, which

in most cases suggests the kind of criterion groups used in

developing it. Appendix C on page 185 gives the scale

uefinitions which are supplemented by a listing cf charac-

teristics frequently associated with high and low scores on

each measure.

Factor analysis of the CPI (Mitchell, Pierne-Jones,

1960) yielded four, factors, one of which is called "Capacity

for independent thought and action." This factor, which it
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of special interest in this study, consists of the

following CPI scales: Capacity for status (Cs); Social

presence (Sp); Tolerance (To); Achievement via inde-

pendence (Ai); Intellectual efficiency (Ie); Flexi-

bility (Fx). Three additional I scales, Self-acceptance

(Sa), Responsibility (Re), and A hievement via conformance

(Ac) were added to the above set of six CPI scales be-

cause they are relevant to the c4terion measures in

this study.

D. Experimental Procedures,.

Most common of the scientific tatistical procedures

is that of the control group expert ent-wherein one group

utilizes one curriculum and an equat d group utilizes

another. When there are extensive d fferencPs in the cur-

riculum objectives, as was the case th the "Thought"

course, it is difficult to devise tes s or other evalua-

tive criteria with which valid comparisons with a control

group are possible. To compare the ience Thought"

course at the University of Illinois w th a--!'traditional"

physical science course may not be very different from

asking whether Method A is as effective in teaching

English as Method B is in teaching hint ry.

Heath (1962) suggested that instead of attempting

to carry on comparative curriculum experiments in a vain
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attempt to decide which is better, attention should be

directed to determining the characteristics emphasized

in the curricula and the effect of these curricula on

student enthusiasm for the subject matter.

Because of these considerations, the One-Group

Pretest-Posttest design presented by Campbell and Stanley

(1963) was used in this study. At the same'time, the

limitations of the one-group study show be recognized.

In particular, it is difficult to at ibute the growth to

the course in physidal science. Aid other experiences

may have been just as effective as the science course.

This study is not uniqu in using the One-Group

Pretest-Posttest design; investigators (Finger,

Corbin, & Dillon, 1965; *mir, 1969; Whelchel, & Pettus,
)4'

1970) have abandoned the task of comparing two types

of curricula. The results usually reveal no significant

differences; or worse, they produce conflicting findings.

The 0.05 level was used to determine significance

throughout all the analyses. An F Value greater than

the tabled value indicates significance and is marked

with an asterisk in the tables. A t-value greater than

the, tabled value also indicates significance and i

marked with an asterisk in a similar manner.
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For the purpose of this study, student changes

are measured by the differences between the postscores and

prescores on each of the four criterion variables. The

analyses will be discussed in the following order:

Type I Design for Analyzing Student Changes

This analysis corresponds to the first step the

Purpose of Study, Chapter I. Type I design, as designates

by Lindquist (1953), was used for pre- and posttest mean

scores on the four criterion measures and the Dogmatism

Scale. This design is basically a two-factor design in

which each of the A treatments in combination with any one

B treatment is administered to a different group of sub-

jects. The total experiment may thus be regarded as con -
\

sisting of three experiments of treatments by subjects,

the first experiment with B held constant at the B1 level,

the second experiment at the B2 level, and the third exper-

iment at the B
3
level. The treatment by subject design was

used for pretest and posttest analyses for each instructor

for which the interaction term was significant. The treat-

ment by subject analyses were made in order to gain addi-

tionalinsight into the nature ofi: the changes. The signifi-

cance of the interaction, if it exists, would be equiva

to the conclusion that the mean growth from pretes

posttest was not identical for the three ins ctors.
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2. Multiple Regression Analysis

for Predicting Student Changes

When an analysis is made to determine the relation-

ships between several variables in this study, it is

unlikely that each of the variables will be independent

of every other variable. For example, it must be taken

into account that the relationships between two variables

such as high school mathematics and intelligence are un-

doibtedly-interrelated with a third variable such as the

ability to think critically. There is a high zero order

coirelatim between high school hours in mathematics and

scores on critical thinking. This may imply that intelli-

gent students are the ones most likely to take mathematics,

and that these intelligent students will do well on criti-

cal thinking tests. The importance of mathematics as

related to the ability to think critically might be negli-

gible.

Multiple regression analyses provide a means of

defining the best combination of variables to predict

a given criterion. In the present study there are four

dependent variables. These techniques take into account

the interrelation among the individual predictors. Some

of the basic theory of multiple regression analysis and

stepwise regression analysis (SRA) will be discussed in

order that the final results can be clearly understood.
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SRA analysis was used to study the interrelation of

two or more independent variables to a dependent or criter-

ion variable. The value of SRA is that a sequence of

multiple linear regression equations are computed in a

series of steps. At each step, the variable which makes

the greatest reduction in the squared errors of prediction

is added to the equation. It is the variable which has

the highest partial correlation with the criterion, given

those that have already been added. It is also the

variable which, if it were added, would have the highest

"F" value for added regression. An independent variable

that has been tentatively accepted into the prediction

equation will be removed from the regression equation if

the "F" value falls below a stated level. A more complete

description of the Fortran IV program can be found in

Selected Statistical Programs, edited by Snider and

Thoma'3 (1970).

The stepwise regression analysis was made for each of

the four dependent criterion measures. These include gains

on Test On Understanding Science (TOUS), Watson-Glaser

Critical Thinking Appraisal (WGCTA), Attitude Toward elga,

School Subject (Silance), and Student Perception of

Teacher Style (SPOTS). This analysis provides a way

of reducing a large array of independent (predictor)

measures to a relatively small and efficient set of inde-
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pendent variables with little or no loss in predictive

accuracy.

When this regression analysis is done by the IBM

360/65 computer and tests of significance are made, the

relative importance of 4gilificant independent variables

are determined.

The analysis of this step was further divided into

the following:

a. Given all the twenty-six independent variables

(thirteen academic, three identified for the

three instructorsy and ten personal), the step-

wise regression analysis was made to identify the

subset' of independent variables which contribute

significantly in predicting the growth of each

of the four dependent variables.

b. Given only the thirteen academic and identifica-

tion variables, the stepwise regression analysis

was made to identify the subset of independent aca-

demic variables which contribute significantly in

predicting the growth on each of the four depen-

dent variables,

c. Given the personal variables and the instructor

variables, the stepwise regression analysis was

made to identify the subset of independent per-

sonal variables which contribute significantly

in predicting the growth on each of the four
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dependent variables.

d. Combining the thirteen academic variables and

the three instructor variables with ten personal

variables, the stepwise regression analysis was

made to identify what significant contribution

would be attained by adding instructor varia-

bles and then the ten personal variables to the

battery of predictors that already includes the

academic variables. This step was repeated for

each of the four dependent variables.

Items one through twenty-six listed in Appendices H

through K are considered to be the indgpendent variables.

The meaus of independent variables are'listed in Appendix

L. Test items of SPOTS are listed in Appendix M. Appen-

dices N through Q include the correlation matrices of

all predictors and each of the four dependent variables.

Three variables were introduced to identify the three

instructors teaching the course. These variables were

labelled by the variables numbered fourteen, fifteen, and

sixteen for instructor #1, instructor #2, and instructor

#3 respectively. They were quantified in the following way:

1. If the student wei.e enrolled with the first

instructor, a score of one was given to variable

fourteen and a score of zero was given to variables

fifteen and sixteen.
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2. If the student were enrolled with the second '

instructor, a score of one was given to

variable fifteen and a score of zero was given

to variables fourteen and sixteen.

3. If the student were enrolled with the third

instructor, a score of one was given to variable

sixteen and a score of zero was given to vari-

ables fourteen and fifteen.

One should be very cautious in interpreting the sig-

nificance of the three predictors associated with the three

instructors. While there are several psychological reasons

to believe that the instructor contributes significantly

in predicting student changes, it is statistically

----difficult to attribute the results to that instructor only.

Other factors may also be involved. For example, students

enrolled with different instructors might significantly

differ on their scores on the independent variables. Also,

the three instructors lectured to three sections which

were held at 9:00 A.M., 11:00 A.M., and 2:00 P.M.; thus,

the time of lectures was confounded with instructor.

Results obtained by introducing three variables associated

with the three instructors could have been obtained by

using only two variables. Because of the above con-

siderations, the predictors associated with instructors

should not be treated with the same emphasis and implica-

tions as the other predictors.
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3. Covariance And Simple Randomized Design for

Analyzing the Effect of Personality on student Changes

In order to test the null hypotheses set forth in

step five of the Statement of Research Hypotheses, Chapter

I, using the pretest scores on the criterion instrument as

control measures, several investigators would suggest that

the'analysis of covariance would be the proper analysis.

However, Feldt (1958) indicates that:

heterogeneous regression renders the covariance
technique, as it is typically applied in educational

and psychological research, somewhat invalid....If

the usual covariance model is used, the effects
would appear to be more serious than those of non-

normality and heterogeneity of variance are to an

analysis of variance. In cases of heterogeneity of

regression, the obtained error variance would

probably overestimate the true error variance, and

thus increase the probability of retaining a false

null hypothesis (pp. 351).

In order to decide which analysis would result in greater

precision, Feldt (1958) concludes that:

For e<4 the factorial approach results in
approximately equal or greater precision than covar-

iance, for 1°)),.6 the advantage is in favor of

covariance. For relatively high values of de and

relatively small values of N, the difference in
preciision is appreciable. This difference is
mainly attributable to the fact that relatively
small values of N do not permit the experimenter
to employ a sufficiently large-number of levels to

exploit fully the value of the control variable.
However, the marked superiority of covariance occurs
for values of e which are rarely encountered in
educational and psychological experiments. It may

also be noted that for e7(.2 and small values of N

neither covariance nor the factorial design yields

appreciably greater precision than a completely
randomized design (pp. 347)
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The correlation coefficients between pretests and

posttests of the four criterion measures are listed in

Table 35 on page 133. In order to test the null hypo-

theses set forth in step five of the Statement of Re-

search Hypotheses, Chapter I, with greater precision

according to the above discussion, the analysis of

covariance was used for TOUS and W_ GCTA; the 'completely

randomized design was used for Silence and SPOTS.
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CHAPTER IV.

ANALYSIS AND INTERPRETATIONS OF RESULTS

For the purpose of this study, student changes

are measured by the differences between the postscores and

prescores on each of the four criterion variables. The

analyses will be discussed in the following order:

A. Type I, Design for Student Changes

(The treatment by subject design was made for each

instructor on the subtexts for which the inter-

action was significant.)

B. Stepwise regression for the problems of prediction

and correlation.

C. Analysis of. covariance and simple randomized

design to test the significance of six selected

personality and identification factors.

A. Type I Design for Analyzing Student Changes

Tables 1 through 22 on pages 88 through 109 include

. the results of pretest-posttest analysis for the fo'or

criterion measures and the DogmatismScale as they are

applied to students in this study. The results of the

analyses at the five percent level indicate the following:
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1. There is a significant increase in understanding

of science as measured by TOUS (Subscore I)

2. There is no significant difference in understanding

of scientists as measured by TOUS (SubsCore II)

3. There is a significant increase in understanding

of the scientific process as measured by TOUS

(Subscore III)

4. There is a significant decrease in the ability to

draw valid inferences as.measured by WGCTA (Sub-

score I)

5. There is a signifi ant decri4se in the ability

to recognise asuum ions as measured by WGCTA

(Subscore II)

There is a signifiant decreasb in the ability

to reason deductively as measured by WGCTA

(Subscore III)

7. There is a significant increase in the ability

to interpret as measured by WGCTA (Subscore IV)

8. There is a significant decrease in the ability

to evaluate arguments as measured by WGCTA

(Subscore V)

9. There is significant growth in the positive

attitudes of students towards open instructional

climate as measured by 221a.

10. There is no significant growth in the positive

attitudes of students towards the physical
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science course as measured by Silance.

11. Designating the pretest-posttest factor as A, and=

the instructor factor as B, there is a signifi-

cant interaction (A x B) for TOUS (Total Test,

Subtest #1), WGCTA (Subscore I), and SPOTS. Now

the conclusion that mean growth from pretest to

posttest was not identical for the three instruc-

tors can thereby be advanced.

In order to gain additional insight into the nature

of the changes, a Treatment\by Subject (T 8) analysis

was made of the data for each instructor. This analysis is .

recommended for each instructor on the subtests for which

the interaction was significant. The results presented in

Tables 14 through 22 on pages 101 through 109 indicate:

1. There is significant growth in understanding science

as measured by TOUS\(Total Test, Subtest #1) for

instructor #3 only,

2. There are significant decreases at the 0.05 level

in critical thinking ability as measured by WGCTA

(Subtest #1) for instructors #2 and #3.

3. There are no significant differences at the 0.05

level in critical thinking ability as measured by

WGCTA (Subtexts #1) for instructor #1.

4. There are significant differences in the attitudes

of students toward open instructional climate as

measured by SPOTS for all. instructors.
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5. Thexe are no significant differences in the atti-

tudes of students toward the physical science

course for instructors #2 and43.

6. There is significant decrease in positive attitudes

of studehts toward the physical science course

for instructor #1.

The significance of the interaction terms indicates

that mean growth from pretest to posttest is not-identical

for the three instructors. The three instructors lectured

to three sections at three different times. Thus, time of

lectures was confoun4d with instructor.

The significant positive growth on TO6S (Subtest I)

for instructor #3 can be explained in two parts; first,J)y

the large differences in amount of teaching experiences be-

tween instructor #3 and other instructors; and secondly,

by the growth scores on SPOTS which reveal that instructor

#3 has the highest open instructional climate.

The significant decrease on WGCTA could be viewed by

reviewing the objectives of the course on page 182.

The student would be expected to receive a positive".\

gain score if the instruction were focused towards achiev-

ing the "right" answers. The staff of the course is

concerned with examining how well the student can handle

his own viewpoint. Thus, instetd of a text-book "right"

of "wrong" answer, the student is permitted to find

his own answers; and he is also required to defend
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his position by reasonable arguments. In short, the

staff tries to move the student away from the tradition

of the single, absolute, correct answer to a problem

(to which he has been generally conditioned by previous

education.) The above explana' ul agreement with

:results on pre-posttests on SPOTS, Silence, and T x S de-

sign., The data_oy SPOTS reveals that instructor #3 has

the highest open instructional climates Results on T x S

design indicate that instructor #3 has the greatest loss

with the WGCTA. The results on Si_ lence indicate that

while there are significant differences i n the attitude of

students toward the course enrolled with instructors #2

and #3, tiler is significant decrease in the attitudes

of students enrolled with instructor #1. Thus, the more

oral the instructional climate is, the further away the

students were'moved from the tradition of the single,

absolute, correct answer, and the more encouragement to

the students to find their own answers. This, consequently,

could explain the large negative growth on WGCTA, since

score on WGCTA is in agreement with the given correct

answers. The writer suggests the need for additional

tests capable of detecting changes in student's behaviors

with little emphasis on "right" or "wrong" answers and

,major emphasis on allowing the student to defend choices

most consistent with his own view.
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TABLE I

ANAINSIS Ole TOW; PRETEST POSTTEST (TOTAL TEST)

88

Sources DF SS MS F RATIO

B 2. 9.50 4.74 0.0645

Error (B) 225. 16557.56' 73.59 0.0

A 1. 92.16 92.16 4.4780*

AB 2. 128.73 64.36 3.1274*

Error (A) 225. 4630.61 20.58

Total 455. 21418.56 47.07

Group PRETEST
means

POSTTEST
means

Instructor 1 (B1) 36.73 \ 36.55

Instructor 2 (B2) 36.71 36.91

Instructor 3 (B3) 35190 38.13
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TABLE 2

ANALYSIS OF TOW PRETEST-POSTTEST (FIRST SUBTEST)

Sources DF SS MS F RATIO

B 2. 6.22 3.11 0.2924

Error (B) 225. 2391.64 10.63 0.0

A 1. 40.56' 40.56 9.0519*

.. AB 2. 29.21 14.61 3.2598x

Error (A) 225. 1008.22 4.48

Total 455. 3475.86 7.64

Group PRETEST POSTTEST
means means

Instructor 1 (B1) 12.06 12.06

Instructor 2 (B2) 11.67 12.00

Instructor 3 (B3) 11.48 12.69
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TABLE 3

ANALYSIS OF TOUS PRETEST -POSTTEST (SECOND SUBTEST)

Sources DF SS MS F RATIO

B 2, 1.85 0.92 0.0961

Error (B) 225. 2161.99 9.61 0.0

A 1. 0.14 0.14 0.0327

AB 2. 12.45 6.22 1.4519

Error (A) 225. 964.41 4.29

Total 455. 3140.83 6.90

Group PRETEST POSTTEST
means means

Instructor 1 00) 12.00 11.61 '

Instructor 2 (B2) 12.04 11.81

Instructor 3 (B3) 11.78 12.16

/



TABLE 4

ANALYSIS OF TOUS PRETEST -POSTTEST (THIRD SUBTEST)

.111.01101111.11.....

91

,10110011111

Sources DF OS MS F RATIO

B 2. 4.69 2.35 0.1687

Error (B) 225. 3128.43 13.90 0.0

A 1. 17.76 17.76 4.04091

AB 2. 5.08 2.53 0.5775

Error (A) 225. 989.16 4.40

Total 455. 4145.12 9.11

Group PRETEST
means

POSTTEST
means

Instructor 1 (B1) 12.02 12.41

Instructor 2 (B2) 12.40 12.56

Instructor 3 (B3) 12.05 12.68
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TABLE 5

ANALYSIS OF WGCTA PRETEST -IOSTTEST (TOTAL SCORES)

Sources DF S S MS F RATIO

\ B 2. 249.07 124.53 0.8665

Er.;4r (B) 129. 18540.20 143.72 0.0

A ' 1. 1096.38 1096.38 30.7773*

AB 2. 176.26 88.13 2.4739

Error (A) 129. 4595.37 35.62

Total 263. 24657.27 93.75

Group PRETEST POSTTEST
means means

Instructor 1 (B1) 72.80 71.56

Instructor 2 (B2) 71.48 67.72

Instructor 3 (B3) 72.70 66.96

(
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TABLE 6

ANALYSIS or WGCTA PRETEST-POSTTEST (FIRST SUBTEST)

Sources DF SS MS F RATIO

B 2. 52.06 26.03 2.7590

Error (B) 129. 1217.19 9.44 0.0

A 1. 136.74 136.74 30.1786*

AB 2. 32.75 16.37 3.6134*

Error (A) 129. 584.51 4.53

Total 263. 2023.26 7.69

,

Group PRETEST POSTTEST
means means

Instructor 1 (B1) 11.68 11.40

Instructor 2 (B2) 11.06 9.81

Instructor 3 (B3) 12.28 `\ 10.09
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TABLE 7

ANALYSIS OF WGCTA PRETEST-POSTMT (:;ECOND WBMT)

Sources OF 11) Tilf; F RATIO

B 2. 3.19 1.60 0.1896

Error (B) 129. 1086.21 8.42 0.0

A 1. 50.09 50.09 15.4791*

AB 2. 1.93 0.96 0.2975

Error (A) 129. 417.48 3.24

Total 263. 1558.91 5.93

Group PRETEST
means

POSTTEST
means

Instructor 1 (B1) 12.96\ 11.92

Instructor 2 (B2) 12.89 12.22

Instructor 3 (B3) 12.81 11.81
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TABLE 8

ANALYSIS OF WGCTA PRETEST-POSTTEST (THIRD SUBTEST)

Sources DF SS MS F RATIO

B 2, 31.74 15.87 1.1309

Error (B) 129. 1810.09 14.03 0,0

A 1. 181.67 181.67 34.9963*

AB 2. 9.17 4.59 0.8835

Error (A) 129. 669.66 5.19

Total 263. 2702.33 10.28

Group PRETEST POSTTEST
means means

Instructor 1 (B1) 20.60 19.44

Instructor 2 (B2) 19,80 18.33

Instructor 3 (B3) 20.32 18.23
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TABLE 9

ANALYSIS OF WGCTA PRETEST-POSTTEST (FOURTH SUBTEST)

Sources DF SS MS F RATIO

B 2. 23.18 11.59 0.7527

Error (B) 129. 1986.57 15.40 0.0

A 1. 24.24 24.24 3.9836*

AB 2. 0.72 0.36 0,0590

Error (A) 129. 785.04 6.09

Total 263. 2819.76 10.72

Group PRETEST POSTTEST
means means

1

Instructor 1 (131) 16.92 17.72

Instructor 2 (B2) 16.94 17.56

Instructor 3 (B3) 16.42 16.92
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TABLE 10

ANALYSIS 01? WGCTA PRETEST-POSTTEST (FIFTH SUBTEST)

97

Sources DI? OS M3 F RATIO

B 2, 11.35 5.68 1.0755

Error (B) 129, 680.68 5.27 0.0 .

A 1, 33.47 33.47 8.6866*

AB 2. 20.49 10.24 2.6587

Error (A) 129. 497.04 3.85

Total 263. 1243.03 4.73

Group PRETEST POSTTEST

means means

Instructor 1 (B1)

Instructor 2 (B2)

Instructor 3 (B3)

10.64

10.60

10.87

11.08

9.80

9.91
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ANALYSIS OF SIIANCE

TABLE 11

PRETEST - POSTTEST (TOTAL SCORES)

Sources DF SS MS F RATIO

B 2. 2.14 1.07 0.4626

Error (B) 216. 498.43 2.31 0.0

A 1. 0.13 0.13 0.0825 SW

AB 2. 6.11 3.05 1.9619

Error (A) 216. 336.32 1.56

Total 437. 843.13 1.93

Group PRETEST
means,

POSTTEST
means

Instructor 1 (B1) 7.3639 6.7972

Instructor 2 (B2) 6.8742 6.9505

Instructor 3 ('B3) 6.8478 6.9122,

i
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t,

TABLE 12

ANALYSIS OF SPuTS PRETEST - POSTTEST (TOTAL SCORES)

Sources DF SS MS F RATIO

B 2. 1266.24 633.12 1.8005

Error (B) 218. 76657.97 151.64 0.0

A 1. 160208.65 160208.65 537.9884*

AB 2. 6710.19 3355.09 11.2666*

Error (A) 218. 64918.66 297.79

Total 441. 309761.71 702.41

,
Group PRETEST

means
POSTTEST
means

Instructor 1 (B1) e8.25 112.53

Instructor 2 (B2) 85.44 120.91

Instructor 3 (B3) 76.51 122.62
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ANALYSIS OF

TABLE

DOGMATISM PRETEST -
13

POSTTEST (TOTAL 3CORE)

...MAINNIN.M....

Sources DF SX NS F RATIO

B 2. 876.50 438.25 0.4230

Error (B) 180. 186481.73 1036.01 0.0

A 1. 0.04 0.0 0.0

AB 2. 178.65 89.33 0.3100

Error (A) 180. 51872.31 288.18

Total 365. 239409.23 655.92

Group PRETEST
means

POSTTEST
means

Instructor 1 (B1) 135.29 132.74

Instructor 2 (B2) 134.81 134.60

Instructor 3 (B3) 136.94 138.45

rt
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TABLE 20

SUMMARY OF PRETEST- POSTTEST RESULTS FOR TOUS

TEST Total
Test

First
Subtest

Second
Subtest

Third
Subtest

TOTAL F 4.48* 9.05* 0.03 4.04*
TEST

7 36.40 11.68 11.93 12.18
Pre

7 37.30 12.28 11.90 12.57
Post

Instruc. P 0.03 0.00 0.78 1.05
#1

7t' 36.73 12.06 12.00 12.02
Pre

7 36.55 12.06 11.61 12.41
Post

.

Instruc. F 0.091 1.19 0.55 0.23
#2

7 36.71 11.67 12.04 12.40
Pre

7 36.91 12.00 11.81 12.56
Post

Instruc. F' 12.69* 16.77* 1.69 4.17*
#3

7 35.90 11.48 11.78 12.05
Pre

7 38.13 12.69 12.16 12.68
Post
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TABLE 21

SUMMARY OF PREtEST-POSTTEST RESULTS FOR WGCTA

TEST Total First Second Third Fourth Fifth
Test Subtest Subtest Subtest Subtest Subtest

TOTAL F 30.78*30.18* 15.48* 34.99* 3.98* 8.69*
TEST

7
Pre 72.20*11.67 12.87 20.16 16.73 10.80

Y.
Post68.10 10.23 12.00 18.50 17.33 10.08

Instruc. F 0.63 0.22 3.51 5.26* 1.88 1.29
#1

T
Pre 72.80 11.68 12.96 20.60 16.92 10.64

7
Post71.56 11.40 11.92 19.44 17.72 11.08

Instruc. F 8.75* 8.35* 3.38 8.17* 1.69 7.82*
#2

1r
Pre 71.50 11.10 12.90 19.80 16.94 10.80

7
Post67.70 9.80 12.20 18.30 17.56 9.80

Instruc. F 29.17*30.84* 10.06* 27.69* .98 4.74*
#3

7
Pre 72.70 12.315 12.81 20.32 16.42 10.87

7
Post66.96 10.10 11.81 18.23 16.92 9.91
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B. Multiple Regression Analysis for Predicting

Student Changes

Appendices N through P include the correlation

matrices of the twenty-six variables for each of the four

dependent variables. Tables 23 through 34 on pages 118

through 129 summarize the results of the stepWise re-

gression analyses for the four criterion measures. There

is negative correlation between the TOUS dependent vari-

able growth scores and dogmatism (cf. Appendix N). The

apparent trend of negative correlations between the in-

dependent variables (e.g., college physics, college

biology, and high school mathematics) with the TOUS and

Silance tests as the criterion measures was unexpected. An

explanation of such negative trends could be explained by the

probable fact that these subjects were taught in a 'tradi-

tional" way which led to the development of negative atti-

tudes toward the physical science course. It is not surpri-

sing, as the writer proposed earlier, to find a negative

relationship between dogmatism and several academic indepen-

dent variables. These variables include science and English

scores on ACT, and high iichOol biology.

For the TOUS test the set of all the twenty-six pre-

dictors accounted for 15.42% of the variance. The academic

variables, the three instructors, and the ten personal

predictors accounted for 5.48%, 6.01%, and 3.93% of the
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variance respectively. In other words, when this

contribution of all twenty-six variables is considered to

be 100%, the academic variables, the instructors, and

the personal variables accounted for 35.58%, 38.93%, and

25.49% of the total contribution respectively.

The following set of five predictors was found to be

significant in increasing R square at the 0.05 level:

1. Instructor #3.

2. .Intellectual efficiency.

3. College classification,

4. Instructor #1.

5. Sex.

This set of five predictors accounted for 76.2% of the

total contribution using all the twenty-six independent

variables. Predictors related to instructors in the above

set should not be treated with the same implications as

the others.

A student with the following characteristics is most

likely to achieve a positive gain on TAUS.

1. Enrollment with Instructor #3 and avoiding enroll-

ment with Instructor #1.

2. High score on Intellectual Efficiency subtest of

CPI.

3. Freshman or Sophomore standing.

4. Female.
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It is a surprise to see that high school and college

science and mathematics backgrounds were not found to be

significant in predicting growth scores on TOUS. It is

interesting to see that intellectual efficiency as a factor

is more important in predicting student change as

measured by TOUS than college and high school backgrounds

in science and mathematics.

For the WGCTA test the set of all the twenty-six

predictors accounted for 18.42% of the variance. The

academic predictors, the three instructors, and the ten

personal predictors accounted for 10.55%, 1.19%, and 6.68%

of the variance respectively. In other words, when the

total contribution of all the twenty-six variables is con-

sidered to be 100%, academic variables, the three Anstruc-

tors, and personal predictors accounted for 57.28%, 6.46%,

and 36.26% of the total contribution respectively.

The following set of four predictors was found to

be significant in increasing R square at the 0.05 level:

1. Completion of college physics.

2. Instructor #1.

3. Tolerance.

4. Responsibility.

This set of four predictors accounted for 49.8% of

the total contribution using all the twenty-six independent

variables. Again, the predictors relatedto instructors

in the above set should be treated with some caution.
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It is interesting to note that 'two personal predictors in

addition to Instructor #1 were among this set of four

significant predictors. High school and college back-

grounds appeared to be insignificant in predicting science

and mathematics with the exception of college physics as

measured by the growth scores on WGCTA.

A student with the following characteristics is most

likely to suffer large loss as measured by WGCTA:

1. Little or no college physics.

2. Enrollment with instructors other than Instructor

#1.

3. High score on the Tolerance subtext of CPI.

4. Low score on the Responsibility subtest<of CPI.

For the Silance test the set of all the twenty-six

predictors accounted for 11.83% of the variance. When

the total contribution for all the twenty-six variables is

considered to be 100%, the thirteen academic factors, the

three instructors, and the personal variables accounted

for 57.82%, 18.25%, and 23.92% of the total contribution

respectively.

The following set of three variables was found to be

significant in increasing R square at the 0.05 level.

1. Course selected to fulfill a requirement or as

an elective.

2. Instructor #1.

3. Completion of college physics.
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This set of three predictors accounted for'7.16% of

the total variance or 60.5% of the total contribution using

all the twenty -sit independent variables. Predictore're-
/
lated to instructors in the above set shcald not be

treated with`the same implications as the others.

A student with the following characteristics-is

most likely to achieve positive growth on Si_ lance:

1. Taking the physical science course on an elective'

basis.

2. Avoiding enrollment with Instructor #1.

3. CompletiOn of little or no college physics.

The negative relationship between taking college physics

and gaining in the attitude of students towards the physical

science course might be explained by arguing that college

physics was taught in a 'traditional' way which led to the

development of negative attitudes toward physical sci-

ence courses. It was expected, of course, that taking the

course on an elective basis would be the most significant pre-

dictor in determining positive student attitudes toward the

course under consideration.

For the SPOTS test the set of all the twenty-six

independent variables accounted for 22.0% of the variance.

The thirteen academic variables, the three instrilotw:o,

and the ten personal variables accounted for 5.37%, 10.82%,

and 5.81% of the variance respectively. In other words,

when he total contribution of all the twenty-six
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variles is considered to be 100%, the academic variables,

the three'sinstructors, and the ten persOnall variables

accounted for 24.41%, 49.18%, and 26.41% of the total

contribution respectively.

The following set of eight variables was found to be

significant in increasing K square at the P.05 level.

1. Instructor #3.

2. Instructor #1.

3. Completion of college'physics.

4. Sex.

5. Dogmatism.

6: Flexibility.

7. Self-presence.

8. Achievement via conformance.

Ws set of eight factors accounted for 19.48% of the

total variance or 88.5% of the total contribution, using

all the twenty-six independent variables. As preitiously,

predictors related_Io-instimetors should not bey treated

with same implications as the others. , It is interesting

to note that college physics and sex are the only signi-

ficant factors among the thirtec- academic variables.

A student with the following characteristics is most

likely to achieve positive growth on SPOTS:

1. Enrollment with Instructor #3 and avoidance of

enrollment with Instructor #1.

2j Completion of college physics.
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3. Female.

4. Dogmatic.

5. Flexible.

6. High score on Self Presence subtest of CPI.

7. High score on Achievement via conformance subtest

of CPI.

Variables found to be insignificant for the four depen-

dent variables at the five percent level were:

1. The numbe f units of high school mathematics.

2. The number 4f semesters of college mathematics.

3. The number of units of high school biology.

4. The number of units of college biology.

5. The number of'units of high school physics.

6. High school rank.

7. Capacity for status.

8. Achievement via independence.

9. Achievement via conformity.

10. Mathematics scores on ACT.

11. English scores on ACT.

12. Science scores on ACT.

13. Self-Acceptance:

In the prediction of WGCTA, TOUS, Silance, and SPOTS

growth scores in this study, only 5.48%, 10.55%, 6.84%,

and 5.37% respectively of-the variances were accounted for

by a selected 'traditional' set of thirteen academic

variables. These figures are equivalent to 35.5%, 57.28%,



117

57.82%, and 24.41% respectively of the total contribution

obtained by using all the twenty-six variables. These

'small' percentages suggest that there should be addi-

tional predictors to those selected and identified as aca-

demic factors. The existence of the effect of several per-

sonal variables in predicting the scores on the four criter-

ion measures implies that there are abilities which are

significant in predicting the results of academic endeavor

other than those measured by standardized achievement and

intelligence tests. College physics appeared to be a sig-

nifcant predictor for WGCTA, Silance, and SPOTS. Table

32 on page 127 summarizes the significant factors in pre-

dicting instructional outcomes as measured by the growth

scores on TOUS, WGCTA, Silance, and SPOTS. The 0.05 level

of significance was chosen for all analyses.

Allowing all the twenty-six predictors to enter free-

ly in the stepwise program, academic variables - namely,

high school courses in physics, biology, and mathematics;

college courses in mathematics and biology; and scores on

ACT - were not among the significant predictors on any of

the four criteria. At the sane time, personal predictors -

namely, intellectual efficiency for predicting growth

scores on TOUS; tolerance and responsibility for predicting

growth scores on WGCTA; dogmatism, flexibility, and achieve-

ment via conformity, for predicting growth scores on SPOTS -

were among the significant predictors.
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TABLE 23

SUMMARY OF STEPWISE REGRESSION FOR TOUS GROWTH SCORES

STEP #1 - ALL VARIABLES INCL ED

Step # Variable Multiple
R RSQ

Increase
In RSQ

F Value

1 INS 'O3 27 6.2073 0.0430 0.0430 9.0233*

2 IEFFON 18 0.2654 0.0704 0.0274 5.9058*

3 CLASSF 8 0.3002 0.0901 0.0197 4.5108*

4 INSTO1 0.3220 0.1037 0.0136 2.9965*

5 SEX-MF/13 0.3427 0.1175 0.0138 3.0774*

6 HS RAN 1 0.3528 0.1245 0.0070 1.5620

7 CSTATS 23 0.3582 0.1283 0.0039 0.8668

8 C PHY 2 0.3625 0.1314 0.0031 0.6887

9 SPRSNC 22 0.3666 0.1344 0.0030 0.6636

10 RESPON 20 0.3718 0.1382 0.0038 0.8496

11 H MATH 5 0.3754 0.1409 0.0027 0.6090

12 SACCEP 21 0.3780 0.1429 0.0019 0.4300

13 TOLRNC 16 0.3814 0.1455 0.0026 0.5698

14 AVINDP 17 0.3856 0.1487 0.0032 0.7167

15 H PHYS 3 0.3873 0.1500' 0.0013 0.2820

16 C BIOL 10 0.3886 0.1510 0.0011 0.2329

RE ELY 9 0.3898 0.1519 0.0009 0.1964

18 FLEXBT 15 0.3910 6.1529 0.0009 0.2009

19 DGMTSM 14 0.3916 0.1533 0.0005 0.0973

20 EN ACT 12 0.3921 0.1537 0.0004 0.0840

21 H BIOL 11 0.3925 0.1540 0.0003 0.0665

22 SC ACT 6 0.3926 0.1542 0.0001 0.0293

23 MT ACT 7 0.3927 0.1542 0.0000 0.0089

24 AVCONF 19 0.3927 0.1542 0.0000 0.0030

25 C MATH 4 0.3927 0.1542 0.0000 0.0028

4
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TABLE 24

SUMMARY OF STEPWISE RP1RESSION FOR TOUS GROWTH TOTAL SCORE

STEP #2 - FORC" t; ACADEMIC AND INSTRUCTOR VARIABLES

Step # variabl

1111MIIMII

Multiple
R RSQ

Increase
In RSQ

F Value

1 SEX-MF 13 0.1639 0.0269 0.0269 5.5485*

2 CLASSF 8 0.1871 0.0350 0.0081 1.6857

3 H MATH 5 0.2098 0.0440 0.0090 1.8752

4 HS RAN 1 0.2190 0.0479 0.0039 0.8202

5 RE ELY 9 0.2264 0.0513 0.0033 0.6855

6 H PHYS 3 0.2295 0.0527 0.0014 0.2961

7 EN ACT 12 0.2324 0.0540 0.0013 0.2730

8 MT ACT 7 0.2330 0.0543 0.0003 0.0553

9 C PHY 2 0.233.3 0.0544 0.0001 0.0280

10 C MATH 4 0.2338 0.0547 0.0003 0.0537

11 H BIOL 11 0.2339 0.0547 0.0001 0.0105

12 c C BIOL 10 '\0.2340 0.0548 0.0000 0.0077

13 SC ACT 6 '0.2340 0.0548 0.0000 0.0007

14 _INSTO3 27 p3132 0.0981 0.0433 9.0261*

15 INSTO1 25 0.3389 0.1149 0.0168 3,5474*

16 IEFFCN 18 0.3655 0.1336 0.0187 4.0230*

17 CSTATS 23 03707 0.1375 0.0039 0.8261

18 SPRSNC 22 0.3754 0.1409 0.0035 0.7454

19 RESPON 20 .0.3794 0.1439 0.0030 0.6368

20 SACCEP 21 0.3830 0.1467 0.0028 0.5948

21 TOLRNC 16 0.3862 0.1491 0.0024 0.5190

22 AVINDP 17 0.3911 0.1530 0.0038 0.8173

23 FLEXBT 15 0.3921 0.1537 0.0007 0.1526

24 DGMTSM 14 0.3927 0.1542 0.0005 0.1060

25 AVCONF 19 0.3927 0.1542 0.0000 0.0032
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TABLE 25

SUMMARY OF STEPWISE REGRESSION FOR WGCTA GROWTH SCOREt;

STEP #1 - ALL VARIABLES INCLUDED

Step # Variable Multiple
K RSQ

Inereaae
In RSQ

F Value

1 C PHY 2 0.1753 0.0307 7 3.2651*

2

3

INSTO1 25

TOLRNC 16

0.2350

0.2666

0.0552

0.0711 0.0159

2.6426*

1.7275 *

4 RESPON 20. 0.3032 0.0919 0.0208 2.2925 *

5 MT ACT 7 0.3328 0.1107 0.0188 2.0965

6 INSTO2 26 0.3471 0.1204 0.0097 1.0811

7 HS RAN 1 0.3590 0.1289 0.0085 0.9419

8 C MATH 4 0.3692 0.1363 0.0074 0.8271

9 H MATH 5 0.3805 0.1447 0.0084 0.9330

10 AVINDP 17 0.3878 0.1504 0.0057 0.6262

11 FLEXBT 15 0.4003 0.1602 0.0098 1.0886

12 C BIOL 10 0.4055 0.1644 0.0042 0.4590

13 SC ACT 6 0.4110 0.1689 0.0045 0.4921

14 SPRSNC 22 0.4140 0.1714 0.0025 0.2760

15 CSTATS 23 0.4188 0.1754 0.0039 0.4235

16 CLASSF 8 0.4210 0.1773 0.0019 0.2023

17 DGMTSM 14 0.4234 0.1793 0.0020 0.2129

18 SACCEP 21 0.4255 0.1810 0.0018 0.1858

19 SEX-MF 13 0.4270 0.1823 0.0013 0.1316

20 AVCONF 19 0.4280 0.1832 0.0009 0.0901

21 H PHYS 3 0.4288 0.1839 0.0007 0.0749

22 IEFFCN 18 0.4291 0.1842 0.0003 0.0262

23 RE ELV 9 0.4292 0.1842 0.0000 0.0041

24 H BIOL 11 0.4292 0.1842 0.0000 0.0015

25 EN ACT 12 0.4292 0.1842 0.0000 0.0014



121

TABLE 26

SUMMARY OF STEPWISE REGRESSION FOR WGCTA GROWTH TOTAL SCORE

STEP #2 - FORCING ACADEMIC AND INSTRUCTOR VARIABLES

Step # Variable Multiple
R RSQ

Increase
In RSQ

P Value

1 C PHY 2 0.1753 0.0307 0.0307 3.2651*

2 MT ACT 7 0.218? 0.0476 0.0169 1.8094

3 HS RAN 1 0.2521 0.0636 0.0159 1.7184

4 C MATH 4 0.2730 0.0745 0.0110 1.1873

5 H MATH 5 0.2895 0.0838 0.0093 1.0014

6 CLASSF 9 0.3102 0.0962 0.0124 1.3443

7 C BIOL 10 0.3181 0.1012 0,0050 0.5364

8 SEX-MF 13 0.3228 0.1042 0.0030 0.3218

9 SC ACT 6 0.3240 0.1050 0.0008 0.0856

10 EN ACT 12 0.3247 0.1054 0.0004 0.0466

11 H PHYS 3 0.3247 0.1054 0.0000 0.0015

12 H BIOL 11 0.3247 0.1055 0.0000 0.0010

13 RE ELY 9 0.3247 0.1055 0.0000 0.0002

14 INSTO1 25 0.3408 0.1162 0.0107 1.0898

15 INSTO2 26 0.3427 0.1174 0.0013 0.1289

16 TOLRNC 16 0.3787 0.1434 0.0259 2.6658*

17 RESPON 20 0.3966 0.1573 0.0139 1.4322

18 AVINDP 17 0.4047 0.1638 0.0065 0.6726

19 FLEXBT 15 0.4177 0.1745 0.0107 1.0981

20 DGMTSM 14 0.4209 0.1772 0.0027 0.2765

21 SPRSNC 22 0.4235 0.1793 0.0022 0.2190

22 CSTATS 23 0.4269 0.1822 0.0029 0.2876

23 SACCEP 21 0.4279 0.1831 0.0009 0.0901

24 AVCONF 19 0.4290 0.1840 0.0009 0.0874

25 IEFFCN 18 0.4292 0.1842 0.0002 0.0229
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TABLE 27

SUMMARY OF STEPWISE REGRESSION FOR SILANCE GROWTH SCORES

STEP #1 - ALL VARIABLES INCLUDED

Step AL Variable Multiple
R RSQ

Increase
In RSQ

F Value

1 RE ELY 9 0.1805 0.0326 0.0326 5.6232*

2 INSTO1 25 0.2397 0.0575 0.0249 4.3825*

3 C PHY 2 0.2676 0.0716 0.0142 2.5178*

4 H MATH 5 0.2760 0.0762 0.0046 0.8123

5

6

H PHYS 3

I

IEFFCN 18

0.2871

0.2927

0.0825

0.0856

0.0063

0.0032

1.1109

0.5659

7 ' TOLRNC 16 0.3018 0.0911 0.0054 0.9580

8 MT ACT 7 0.3065 0.0939 0.0029 0.5106

9 RESPON 20 0.3123 0.0975 0.0036 0.6311

10 FLEXBT 15 0.3176 0.1009 0.0033 0.5842

11 EN ACT 12 0.3236 0.1047 0.0039 0.6812

12 DGMTSM 14 0.3281 0.1076
,

0.0029 0.5074

13 C BIOL 10 0.3323 0.1104 0.0028 0.4858

14 AVCONF 19 0.3343 0.1118 0.0013 0.2319

15 SACCEP 21 0.3366 0.1133 0.0015 0.2612

16 CLASSF 8 0.3387 0.1147 0.0014 0.2424

17 SC ACT 6 0.3405 0.1159 0.0012 0.2087

18 H BIOL 11 0.3415 0.1166 0.0007 0.1236

19 CSTATS 23 0.3422 0.1171 0.0004 0.0730

20 HS RAN 1 0.3428 0.1175 0.0005 0.0766

21 SEX-MF 13 0.3436 0.1181 0.0005 0.0900

22 C MATH 4 0.3438 0.1182 0.0001 0.0205

23 AVINDP 17 0.3439 0.1182 0.0001 0.0089

24 INSTO2 26 0.3439 0.1183 0.0001 0.0083

25 SPRSNC 22 0.3440 0.1183 0.0000 0.0018
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TABLE 28

SUMMARY OF STEPWISE IIEGRESSION FOR SILANCE GROWTH TOTAL

SCORE STEP #2 - FORCING ACADEMIC AND INSTRUCTOR VARIABLES

Step II Variable Multiple
R RSQ

Increase
In RSQ

F Valuer

1 RE ELV 9 0.1805 0.0326 0.0326 5.6232*

2 C PHY 2 0.2148 0.0461 0.0136, 2.3588*

3 H MATH 5 0.2280 0.0520 0.0058 1.0159

4 II PHYS 3 0.2457 0.0604 0.0084 1.4699

5 EN ACT 12 0.2503 0.0627 0.0023 0.3946 ,

6 CLASSF 8 0.2527 0.0638 0.0012 0.2064

7 C BIOL 10 0.2578 0.0665 0.0026 0.4538

8 MT ACT 7 0.2593 0.0672 0.0008 0.1308

9 SEX-MF 13 0.2599 0.0675 0.0003 0.0478

10 SC ACT 6 0.2608 0.0680 0.0005 0.0815

11 HS RAN 1 0.2612 0.0682 0.0002 0.0405

12 H BIOL 11 0.2614 0.0683 0.0001 . 0.0121

13 C MATH 4 0.2615 0.0684 0.0001 0.'0094

14 INSTO1 25 0.2996 0.0898 0.0214 3.6219*

15 INSTO2 26 0.3000 0.0900 0.0002 0.0381

16 RESPON 20 0.3087 0.0953 0.0053 0.8849

17 FLEXBT 15 0.3172 0.1006 0.0053 0.8948

18 TOLRNC 16 0.3262 0.1064 0.0058 0.9712

19 IEFFCN 18 0.3316 0.1099 0.0036 0.5943

20 DGMTSM 14 0.3362 0.1130 0.0031 0.5109

21 AVCONF 19 0.3395 0.1152 0.0022 0.3717

22 SACCEP 21N 0.3430 0.1176 0.0024 0.3958

23 CSTATS 23 0.3439 0.1182 0.0006 0.1014

24 AVINDP 17 0.3439 0.1183 0.0001 0.0084

25 SPRSNC 22 0.3440 0.1183 0.0000 0.0018

,



TABLE 29

SUMMARY OF STEPWISE REGRESSION FOR

STEP #1 - ALL:VARIABLES

Step II Variable
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POTS GROWTH SCORES

Multiple
R RSQ

I CLUDED

Increase F Value
In RSQ

2

INSTO3 27

INSTO1 25

0.2987

0.3268

0.0892

0.1068

3 d PHY 2 0.3484 0.1214

4 SEX-MF 13 0.3724 0.1387

5 DGMTSM 14 0.3859 0.1489

6 FLEXBT 15 0.4030 0.1624

7 CSTATS 23 0.4128 0.1704

8 SPRSNC 22 0.4312 0.1859

9 AVCONF 19 0.4414 0.1948

10 H BIOL 11 0.4509 0.2033

11 H MATH 5 0.4551 0.2071

12 H PHYS 3 0.4590 0.2107
13- SACdEP 21 0.4628 0.2142
14 HS RAN 1 0.4654 0.2166

15 EN ACT 12 0.4662 0.2173

16 RESPON 20 0.4672 0.2182

17 RE ELY 9 0.4683 0.2193
18 IEFFCN 18 0.4687 0.2197
19 CLASSF 8 0.4689 0.2198

20 SC ACT 6 0.4689 0.2199
21 MT ACT 7 0.4690 0.2200

22 C BIOL 10 0.4690 0.2200

23 TOLRNC 16 0.4690 0.2200

24 AVINDP 17 0.4690 062200

25 C MATH 4 0.4690 0.2200

0892

0.0176

0.01

0.01

0.010a

0.0135

0.0079

0.0156

0.0089

0.0085

0.0038

0.0035

0.0035

0.0024

0.0007

0.0009

0.0011

0.0004

0.0002

0.0000

0.0001

0.0000

0.0000

0.0000

0.0000

16.6508*

3.3287*

2.7830*

3.3611*

1.9955*

2.6632*

1.5689*

3.1139*

1.7881*

1.7180

0.7720

0.7116

0.6999

0.4858

0.1495.

0.1788

0.2094

0.0780

0.0295

0.0064

0.0155

0.0039

0.0018

0.0004

0.0001
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TABLE 30

SUMMARY OF STEPWISE REGRESSION FOR SPOTS GROWTH TOTAL >CORE

STEP #2 - FORCING ACADEMIC AND INSTRUCTOR VARIABLES

Step # Variable Multiple
R RSQ

Increase
In RSQ

F Value

1 H BIOL 11 0.1294 0.0167 0. -0167 2.8929*

2 SEX-MF 13 0.1654 0.0274 0.0106 1.8483*

3 C PHY 2 0.1947 0.0379 0.0105 1.8403*

4 HS RAN 1 0.2205 0.0486 ).0107 1.8793*

5 H MATH 5 0.2221 0.0493 0.0007 0.1266

6 MT ACT 7 0.2254 0.0508 0.0015 0.2546

7 SC ACT 6 0.2284 0.0522 0.0014 0.2368

8 H PHYS 3 0.2302 0.0530 0.0008 0.1402

9 C MATH 4 0.2306 0.0532 0.0002 0.0311

10 CLASSF 8 0.2310 0.0534 0.0002 0.0329

11 C BIOL 10 0.2315 0.0536 0.0002 0.0352

12 RE ELV 9 0.2317 0.0537 0.0001 0.0170

13 EN ACT 12 0.2317 0.0537 0.0000 0.0027

14 INSTO3 27 0.3759 0.1413 0.0876 16.0245*

15 INSTO1 25 0.4023 0.1619 0.0206 3.8260*

16 DGMTSM 14 0.4134 0.1709 0.0090 1.6808

17 FLEXBT 15 0.4266 0.1820 0.0111 2.0902*

18 CSTATS 23 0.4347 0.1889 0.0070 1:3138

19 SPRSNC 22 0.4505 0.2030 0.0140 2.6749*

20 AVCONF 19 0.4621 0.2136 0.0106 2.0342*

21 SACCEP 21 0.4671 0.2182 0.0046 0.8845

22 RESPON 20 0.461 0.2195 0.0013 0.2540

23 IEFFCN 18 0.469 0.2200 0.0005 0.0897

24 TOLRNC 16 0.4690 0.2200 0.0000 0.0018

25 AVINDP 17 0.4690 0.2200 0.0000 0.0004



TABLE 31

126

ANALYSIS OF VARIANCE FOR

ALL INDEPENDENT VARIABLES AMONG INSTRUCTORS

Source VAR. MS F Source VAR. MS F

G HS RAN 1 311.7 2.0 G EN ACT 12 0.9 0.1
W 159.7 W 10.8

G C PHY 2 8.5 1.4- G SEX-MP 13 0.2 0.8
W, 6.0 w 0.2

G H PHIS 3 .2 .3 G DGMTSM 14 315.3 0.6
W .5 W 521.1,

G C MATH 4 49.2 1.8 G FLEXBT 15 15.9 1.3
W 27.4 W 12.6

G H MATH 5 0.9 1.2 G TOLRNG 16 40.1 1.9
W .0.7 W 21.6

G SC ACT 6 6.6 0.4 G AVINDP 17 8.2 0.6
W 18.2 W 14.3

G MT ACT 7 31.8 1.4 G IEFPCN 18 10.5 0.3
W 22.0 W 31.7

G CLASSF 8 0.0 0.2 G AVCON? 19 0.5 0.1
W 0.1 W 21.7

G RE ELY 9 0.1 0.7 G RESPON 20 2.0 0.1
W 0.2 W 19.4

G C BIOL 10 5.0 0.4 G SACCEP 21 5.8 0.4
W 11.5 W 15.5

G H BIOL 11 0.1 0.3 G SPRSNC 22 42.1 1.4
W 0.2 W 30.2

G G CSTATS 23 7.0 0.5
W W 34.3

-4
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TABLE 32

SUMMARY OF SIGNIFICANT FACTORS IN

STEPWISE REGRESSION FOR :ALINE, SPOTS,TOUS, AND WGCTA

..........-

Step # Variable Multiple
R RSQ

Increase
In RSQ

F Value

For SILANCE

0.1C35
0.2397
0.2676

.0.0326
0.0575
0.0716

0.0326
0.0249
0.0142

5.6232
4.3825
2.5178

1 RE ELV 9
2 INSTO1 25
3 C PHY 2

For SATIC

1 INSTO3 27 0.2987 0.0892 0.0892 16.6508
2 ; INSTO1 25 0.3268 0.1068 0.0176 3.3287
3 ''C PHY 2 0.3484 0.1214 0.0146 2.7830
4 SEX-MP 13 0.3724 0.1387 0.0173 3.3611
5 DGMTSM 14 0.3859 0.1489 0.0102 1.9955
6 FLEXBT 15 0.4030 0.1624 0.0135 2.6632

7 SPRSNC 22 0.4312 0.1859 0.0156 3.1139
8 AVCONF 19 0.4414 0.1948 0.0089 1.7881

For TOUS

1 INSTO3 2i 0.2073 0.0430 0,0430 9.0233
2 IEFFCN 18 \ 0.2654 0.0704 0.0274 5.9058
3 CLASSF 8 0.3002 0.0901 0.0197 4.3108
4 INSTO1 25 ,0.3220 0.1037 0.0136 2.9965

5 SEX-MF 13 0.3427 0.1175 0.0138 3.0774

For WGCTA

1 C PHY 2 0.1753 0.0307 0.0307 3.2651
2 INSTO1 25 0.2350 0.0552 0.0245 2.6426
3 TOLRNC 16 0.2666 0.0711 0.0159 1.7275
4 RESPON 20 0.3032 0.0919 0.0208 2.2925

4
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Studeri4s had the option of selecting any one of the

the three instructors. The results on Table 31 indicate

that there are no significant initial differences among

students enrolled with the three instructors on all inde-

pendent varies. Type one analysis also indicates that

the mean growth from pretest to posttest was not identical

for the three instructors.

C. Covariance and Sim le Randomized Desi for Anal zin

the Ef:ect of Personality on Student Changes

The results for the analyses of covariance for TOUS

and WGCTA are presented in Tables 36 through 47 on pages

134 through 145. The results of completely randomized

design for Silance and SPOTS are presented in Tables 48

through 52 on pages 146 through 150. The 0.05 level was

used to determine significant differences of adjusted means.

The results indicate:

1. There are no significint differences on the faces

tors of college classification and flexibility

on WGCTA, TOUS, Si lance, and SPOTS.

2. There is significant difference between the

open and closed-minded groups on TOUS only in

favor of the open-minded group.

3. There are significant differences between the

students taklag the course because it is required

and those taking the course on an elective

. ;



131

basis on WGCTA and Silence tests in favor of the

elective group.

4. There are no significant differences between the

students taking the course because it is re-

quired and those who are taking the course on an

elective basis -on TOUS and SPOTS.

5. There are significant differences among the three

instructors of the course on r..-:`US and :;POT:.; in

favor of instructor #3.

6. There is a significant difference between males

and females only on Silance in favor of males.

The results of this study suggest the following
k

positive statements:

1. There are no significant differences between males

and females on TOUS, WGCTA, and SPOTS. Since, for

the students in this sample, the ACT natural science

mean scores for men and worsen are appro tately the

same, the results for this sample contradict the

idea among students that science courses are more

appropriate for boys than for girls.

2. There are no significant differences between upper

classmen and lower-classmen on the four criterion

measures, WGCTA, TOUS, 3ilence, and 3POTS. Since,

for the students in this sample, the ACT natural

science mean core for Freshmen and Sophomores is

lower than,the mean score for Juniors and Seniors
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by 4.67 points, the findings should encourage

students to consider the course under consideration

during the Freshman or Sophomore years.

3. There are significant differences between the

students taking the course because it is required

and those taking it on an elective basis. The

posttest results on WGCTA and Silence tests favor

elective group. Since, for the students in this

sample, the ACT natural science mean scores for

both the required and the elective groups are

approximately the same, the results should be

relevant for decision-making about course

requirements and freedom for students to select

their own physical science courses at the Univer-

sity of Illinois.

The summary of the covariance and simple randomized

analyses are in Table 25 on 'page 150.

'1 .
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TABLE 35

CORRELATION BETWEEN PRETEST - POSTTEST

FOR INSTRUMENTS USED IN STUDY

TI.;;;T Total Group Instru.#1 Instru.#2 Instru.#3

1. TOUS .56 311 .53 70 .59 123 .60 118

2. WGCTA .60 132 .62 25 .58 54 .65 53

3. SILANCE .19 219 - .24 36 .31 93 .14 90

4. SPOTS .06 .220 .29 35 .18 93 .1 211
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TABLE 36

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO DOGMATISM ON TOUS

Sources DF SS SP SSY

Treatments (A) 1 458.04 581.31 737.75

Within (W) 281 11899.38 6945.15 12929.38

Total 282 12357.42 7526.46 13667.12

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 1 207.24 207.24

Within (W) 280 8875.79 31.70

Total 991 9083.03 F = 6.54*

X Y Adjusted
Group Means Means Y Means

A (opcn) 38.09 39.28 38.57

B(closed) 35.54 36.04 36.82

T Value for Adjusted Means = -2.56 *



TABLE 37

ANALYSIS OF COVARIANCE RESULTS ;'sg TOTAL TEST SCORE

ACCORDING TO FLEXIBILITY ON TOUS

135

Sources DF SS SP SSY

Treatments (A) 1 _198.30 200.13 201,98

Within (W) 218 8680.33 4832.33 9630.25

Toi.al 219 8878.63 5032.47 9832.23

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 1 3q.70 39.70

Within (W) ,217 6940.09 31.98

Total 218 6979.80 F = 1.24

X Y Adjusted
Group Means Means Y Means

A (rigid) 36.07 37.08 37.62

B (flexible) 37097 39.00 38.48

T Value for Adjusted Means = 1.11
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TABLE 38

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO REQUIRED OR ELECTIVE ON TOUS

Sources DF. SS SP SSY

Treatments (A) 1 0.01 -0.09 1.31

Within (W) 309 14147.38 7965.54 14456.28

Total 310 14147.38 7965.45 14457.59

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 1 1.41 1.41

Within (W) 308 9971.36 32.37

Total 309 9972.77 F = 0.04

X Y Adjusted
Group Means Means Y Means

A (required) 36.64 37.74 37.74

B (elective) 36.65 37.59 37.59

T Value for Adjusted Means = -0.21
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TABLE 39

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO COLLEGE CLASSIFICATION ON TOUS

Sources DF SS SP f;SY

Treatments (A) 1 111.74 31.25 8.74

Within (W) 309 14035.64 7934.20 14448.85

Total 310 14147.38 7965.45 14457.59

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 1 9.04 9.04

Within (W) 308 9963.73 32.35

Total 309 9972.77 F = 0.28

X Y Adjusted
Group Means Means Y Means

A (lower class) 36.40 37.63 37.77

B (upper class) 38.14 38.12 37,27

T Value for Adjusted Means = -0.53
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TABLE 40

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO COURSE INSTRUCTOR ON TOUS

Sources DF SS SP S3Y

Treatments (A) 2 118.79 -123.62 129.43

Within (W) 308 14028.59 8089.07 14328.16

Total 310 14147.38 7965.45 14457.59

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 2 308.88 154.44

Within (W) 307 9663.89 31.48

Total 309 9972.77 F = 4.91*

X Y Adjusted
Group Means Means Y Means

A(Instructor #1) 37.47 36.77 36.29

B(Instructor #2) 36.88 37.51 37.38

C(In3tructor #3) 35.91 38.44 33.87

T Value for Adjusted Means = 1.3, 3.0,
2.1
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TABLE 41

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO SEX ON TOUS

Sources DF SS SP SSY

Treatments (A) 1 26.76 -39.73 58.98

Within (W) 309 14120.62 8005.18 14398.61

Total 310 14147.39 7965.45 14457.59

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 1 112.41 112.41

Within (W) 308 9860.37 32.01

Total 309 9972.77 F = 3.51

X Y Adjusted]
Group Means Means Y Means

1

A (male)

B (female)

37.01

\
36.41

37,16

38.05

36.95

38.18

T Value for Adjusted Means = 1.87
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-TABLE 42

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO DOGMATISM ON WGCTA

Sources DF SS SP SSY

Treatments (A1) 1. 1647.47 970.08- 571.21

Within (W) 124. 8536.88 5731.99 12062.00

Total 125. 10184.36 6702.07 12633.21

Sources Adjusted DF Adjusted SSY Adjusted MSY

Treatments (A) 1.

Within (W) 123.

Total 124

9.42

8213.32

8222.75

9.42

66.78

F..1411

Group X Y Adjusted
Means Means Y Means

.

A (open) 75.91

B (closed) 68.67

70.28 67.93

66.02 68.52

T Value for Adjusted Means = 0.3757



141

TABLE 43

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO FLEXIBILITY ON WGCTA

Sources DF SP SSY

Treatments (A) 1 904.84 595.25 391.59

Within (W) 108 8524.21 5492.45 9408.63

Total 109 9429.05 6087.71 9800.21

Sources
Adjusted Adjusted Adjusted

DF SSX MSY

Treatments (A) 1 0.35 0.15

Within (W) 107 5869.64 54.86

Total 108 5869.79 F = 0.0027

Group
X Y Adjusted

Means Means Y Means

A (rigid) 69.13 66.15 68.08

B (flexible) 74.88 69.91 68.16

T Value for Adjusted Means = 0.0522
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TABLE.44

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO REQUIRED OR ELECTIVE ON WGCTA

Sources DF SP f3GY

Treatments (A) 1 5.97 45.55 347.44

Within (W) 130 10698.66 6963.27 12508.82

Total 131 10704,63 7008.83 12856.27

Sources
Adjusted Adjusted Adjusted

DF SSX MSY

Treatments (A) 1 290.5] '. 290.51

Within (w) 129 7976.47 61.84

Total 130 8267.26 F = 4.70*

Group
X Y Adjusted

Means Means Y Means

A (required)

B (elective)

72.08

72.54

67.05 67.15

70.56 70.35

T Value for Adjusted Means . 2.167*



TABLE 45

ANALYSIS OF COVARIANCE RESULTS FOR OTAL TEST SCORE

ACCORDING TO CLASSIFICATION ON WGCTA
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Sources

Treatments (A)

Within (W)

Total

DF SS SP SSY

1 306.67 29940 292.30

130 10397.96 6709.43 12563.96

131 10704.63 7003.83 12856.27

.Adjusted Adjusted Adjusted
/Sources DF SSX MSY

Treatments (A) 1 32.64 32.64

Within (W) 129 8234.61 63.83

Total 130 ,8267,26 F = 0.51

X, Y Adjusted
Group Means Means Y Means

A -Ilower class) 71.61 67.55 67.94

B (upper class) 76.06 71.89 o9.41

T Val...e for Adjusted Means . 0.72

't.



TABLE 46

144

Th)
ANALYSIS OF COVARIANCE PESULTS FOR TOTAL TEST SCORE

ACCORDING TO INSTRUCTOR ON WGCT

Sources DF SS
(

SP SSY

Treatments (A)

Within (W)

Total

2

129 -

131

49.98
\

10654.55

10704.63

36.41 375.35

6972.42 12480.92

7008.83 12856.27

Sources
J.'justed

DF
Adjusted

SSX
Adjusted

MSY

Treatments (A)

Within (W)

Total

2

128

130

349.10
----.

7918.16

8267.26

/74.55

61.86

F = 2,q2

Group
X

Means
Y

leans
Adjusted
Y Means

A (instructor #1) 72.80 71.56 71.18

B (instructor #2) 71.48 67.72 68.21

C (instructor #3) 72.70 66.96 66.65

T Value for Adjusted Means = -1.60, -2.40, -1.10
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TABLE 47

ANALYSIS 01? COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO SEX ON WGCTA

Sources DF SS SP SSY

Treatments (A) 1. 10.36 9.65 8.99

Within (W) 130. 10694.27 6999.17 12847.27

Total 131. 10704.63 7008.83 12856.27

Adjusted Adjusted Adjusted
Sources DF SSX MSY

Treatments (A) 1. 0.79 0.79

Within (W) 129. 8266.46 64.08

Total 130. 8267.26 F = 0.0124

Group
X Y Adjusted

. Means Means Y Means

A (male) 71.81 67.76 68.03

B (femare) 72.41 68.19 68.20

T Value for Adjusted Means 0.1113
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CHAPTER V

SUMMARY AND CONCLUSIONS

The main purpose of this study was to investigate

relationships between student characteristics (academic

as well as personal) and student changes. For the

purpose of this study, instructional outcomes are

measured by the differences between the postscores and

prescores on each of the following four dependent

variables:

1. Test On Understanding Science (TOUS)

2. Watson-Glaser Critical Thinking Appraisal (WGCTA)

3. A Scale to Measure Attitud Toward Au School

Subject (Silance)

4. Student Perception Of Teacher Style (SPOTS)

Twenty-six variables were selected as predictors.

These independent variables were selected as being poten-

tially significant to student critical thinking, under-

standing of science, attitude toward the physical sci-

ence course, and instructional climate. The first thir-

teen variables are identified as academic factors which

represent variables commonly used for predictive studies.
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These variables include high school and college backgrounds

in science and mathematics, and different subscores on

ACT. Three additional variables were introduced to

identify the three instructors in the course. The ten

personal variables include dogmatism and nine subscales

of CPI. The nine scales include flexibility, tolerance,

responsibility, achievement via independence, achieve-

ment via conformity, self-acceptance, social presence,

capacity for status, and intellectual efficiency.

The specific purposes of this study were:

1. To test whether the pretest and posttest mean

scores on TOUS, WOCTA, Silance, and SPOTS are

significantly different.

2. To determine the degree of relationship of

each of the twenty-six independent variables

to each of the four dependent variables.

3. To find what increase in predictive accuracy

is attained by combining measures of the

personal and instructor variables with measures

of academic factors in predicting student

changes.

The sample used in this study consisted of 471

undergraduates enrolled in the "Thought and Structure"

course at the University of Illinois. Data were collected

during the first semester of the 1971-1972 academic year.



The results are summarized in the following three

major divisions: (a) student changes (b) prediction of

student changes, and (c) effect of personality on student

changes.

The

(pretest

students

the five

1.

2,

154

A, Student Changes,

following statements concerning student changes

and posttest analyses) can be made about

enrolled in the "Thought and Structure" course when

percent level of confidence is selected.

There is a significant increase in student under-

standing of science and scientific process

as measured by TOUS.

There is a significant decrease in student criti-

cal thinking ability as measured by WGCTA (Sub-

scores I, II, III, V),

3. There is a significant increase in student ability

to interpret results - an ability measured by

W- GCTA (Subscore IV).

4. There is no significant growth in positive atti-

tude of students towards the physical science

course as measured by Silance.

5, There is a significant increase in positive atti-

tude of students towards open instructional

climate as measured by SPOTS,
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6. There are significant interactions at the 0.05

level for TOUS (Total Test and Subscore I),

WGCTA (Subscore I), and SPOTS. This indicates

that the mean growth from pretest to-posttest

was not identical for the ;three instructors.

B. Prediction of Student Changes

The following statements can be made co cerning predic-

tion of student changes:

1. In the prediction of the growth cores on TOUS,

WGCTA, Silance, and SPOTS only / .48%, 10.55 %,

6.84%, and 5.37% of the varia ces were accounted

for by the academic'factors. The above figures

correspond to 35.5%, 57.28%, 57.82%, and 24.41%

of the total contributions to the variance using

all the twenty-six predictors in predicting the

growth scores on TOUS, WGCTA, Silance, and SPOTS

respectively. The small contributions by the

academic factors suggest that there are other

predictors which ,are more significant than the

selected 'traditional' set of thirteen variables

commonly used in the literature for predictive

studies.

2. The variables identified by the three instructors

accounted for 38.93%, (.46%, 18.25%, and 49.18%
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of the total contribution to the variance ob-

tained by using all the twenty-six independent

variables fdr-TOUS, WGCTA, Silance. and SPOTS

respectively.

3. The ten personal variables accounted for 25.49%,

36.26%, 23.93%, and 26.41% of the total contri-

bution to the variance obtained by using all the

twenty -six independent variables for TOUS, WGCTA,

Silance, and SPOTS respectively. Consequently,

the personal variables made a significant contr

bution in predicting student change in

the course under consideration whi was original-

ly hypothesized by the invest gator.

4. There is an apparent trend of negative correla-

tions between dogmatism and several independent

variables that relate to student high school and

college backgrounds in science and mathematics.

These variables include high school biology,

science, and English scores on ACT.

5. One would expect the students judged "closed-

minded" by the Dogmatism Scale to have difficulty

in overcoming sets of beliefs and to show less

growth on the dependent variables. This is shown

in Table 39 in the negativ.e correlations between

the TOUS growth scores and dogmatism.
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The existence 'of the effect of several personal

predictors in predicting the growth scores on

each of the our criterion measures implies that

there are abilities which are significant in

predi ins; the results of academic endeavor

othe:° than those measured 1 standardized

achievement and intelligence tests.

7. College physics appeared to be a significant

factor in predicting the growth scores on WGCTA,

Silance, and SPOTS.

8. Variables foi.ne. to be insignificant for the four

dependent variables at the 0.05 level include:

high school backgrounds in physics, biology, and

mathematics; completion of courses in college

biology and mathematics; science, mathmaticS,

and English scores on ACT; capacity for status,

achievement via indepdnd6nce, achievement via

conformity, sc' acceptance; and high school

rank.

9. Allowing all the twenty-six predictors to enter

freely in the stepwise program, academic variables

namely, high school courses in physics, biology,

and mathematics; college courses in mathematics

and biology; and scores on,,ACT - were not among

the significant predictors on any of the four
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criteria. At the same time personal predictors -

namely, intellectual efficiency for predicting

vrowth scor?s on TOUS; to' prance anti responsibilit:,

for predicting growth scores on WGCTA; dogmatism,

flexibility, and achievement via conformity for

predicting growth scores on SPOTS - were among the

significant predictors.

C. Effect of kersonality Factors on Instructional Outcomes

The following statements can be made concerning the

effect of personality and identification factorvon

instructional outcomes:

1. There is a significant difference between the

open and the closed-minded groups only on growth

measured by the TOUS test. The open-minded group

scored s-mificantly higher than the closed-

minded group.

2. There are no significant differences when college

classification and flexibility are conside-ed, with

growth scores of WGCTA, TOUS Silance, and SPOTS.

3. There are significant differences on adjusted

means between the students taking the course to

meet a requirement and these taking the course as

a free elective on WGCTA and Silance 3ts. The

elective group scored significantly higher than

the required group.
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CHAPTER VI

STUDY LIMITATIONS AND RECOMMENDATIONS

Certain limitations in the design of the study can

be identified and discussed. For example, no control

groups were used in this study A thorough investigation

of a single group may be a logical first step. Such IA-

formation could provide a valuable foundation for future

research involving more than one group. The investigation

was further limited to undergraduates enrolled in one

course (physical science) at one university (the University

of Illinois). There are numerous studies in other areas

or,for other levels of students.

It is,recognized that the above limitations do re-

strict the generalizability of the rPsllts. However, the

limitations themselves suggest several possibilities for

further research within the areas of student personal

characteristics, instructional procedures, and student

changes.

It would be of interest to apply the results derived

from this study to a sample of students from other institu-

tions. It is reasonable to suspect that the conclusions

found here would be valid and applicable to other courses
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with similar objectives and instructional procedures at

other colleges with student populations exhibiting similar

mean° on the independent variables.

It is proposed that additional student growth areas

be identified. Expanded evaluation of student growth in

the cognitive domain needs to be pursued. The investigator

suggests the need for additional instruments capable of de-

tecting changes in students' behaviors with littleempha-

sis on "right" or "wrong" answers. Major emphasis is

needed on instruments which enable students to maky

choices consistent with their own views.
fi

The selected set of predictors accounted only for

twelve to twenty-two percent of the variance/in student

change. This suggests a direction for additional

research involving additional and/or different predictors.

The significance of factors related to course section in

the present study suggests t need for systematic stud-
/

ies to investigate the characteristics and effect of in-

structors on student changes.

It is suggested that additional studies be made to

investigate how and to what extent the reactions toward

instructional innovations of the open-minded individuals

differ from the reactions of closed-minded individuals.

Other studies might also examine whethe7 students with

different personal profiles would achieve and grow more

with different instructional procedures.



161

BIBLIOGRAPHY



162

BIBLIOGRAPHY

Ackerman, W. I. Teacher competence and pupil change;
Harvard Educational Review, 1954, at 273-389.

Adams, S., & Garrett, H. Scholastic background as related
tc,, success in college physics. The Journal of Educa-

tional Research, 1954, x'-1,(7), 545-549._

Allen, H., Jr. Attitudes of certain high school seniors
toward science and scientific careers. New York:
Teachers' College of Columbia University, Bureau of

Publications, 1959.

Allport, G. W. ...7IfAttitudesil landool alscholo.
Worchester, ass.: ark n ver, y ress, 3 ,

Allport, G. W Odbert, H. S. Traits-names: A psycho-

lexical study. Psychological Monographl, 1936, 47,

1-171.

American Educational Research Association. Committee on
the criteria of teacher effectiveness: Report of

the . . . Review of Educational Research, 1952, 22,

238-263.

Amidon, E. J., & Flanders, N. A. The role of +ha teacher

in the classroomt_Amanyal Tor understandin za---

rass-roome-avior=ovinteao. nneapo s:

a on,

Association of Science Education. Science and education

pg4LLjlgWIJILEUE]EEEE22ET71717n77-
o urray,

Barker, P. C., Heath, R. W., Stoker, H. W., & Remmers,

H. H. Physical science aptitude and attitudes toward

occupations. The'due0PuliPanelPoll,
Lafayette, Indiana:
of Educational Reference, 1956, No. 45.



163

Barr, A. S. The measurement and prediction of teaching
efficiency: A suramar:, of investigations. Journal
of Experimental Education, 1948, 16, 1-81.

Bloom, B. S. (Ed.) Taxonomy of educational ob\jectives.
New York: LongE5RET4reen, 1)56.

Bolte, J. R. Background factors and success in college
physics. Journal of Research in Science Teaching,
1966, 4(2), 74-78.

Bonner, L. W. Factors associated with the academic
achievement of freshman students at a southern agri-
cultural college. (Doctoral dissertation, Pennsyl-
vania State University) Ann Arbor, Mich.: University
Microfilms, 1957. No. 19-63.

Bou, I. R. & Stovall, F. L. A study of high school
academic indices as a criterion for college admis-
sion. Journal of Educational Psycho-1ga, 1950,

Brehm, J, W., & Cohen, A. R. Choice and chance relative
deprivation as determinants of cognitive dissonance.
Journal of Abnormal and Social Psychology, 1959,
2.777737:777---

Bruner, J. S. The process of education revised. Phi Delta
Kappan, 1971, 53(1), 18-21.

Campbell, D. T., & Stanley, J. C. Experimental and quasi-
experimental designs for research on teaching. Chi-
cago: Rand McNally, 1963.

Carey, R. L., & Strauss, N. G. An analysis of the under-
standing of the nature of science by prospective
secondary science teachers. Science Education,
1968, 2(4), 358-363.

Carey, R. L., & Strauss, N. G. An analysis of experienced
science teachers' understanding of the nature of
science. School Science and Mathematics, 1970,30,
366-376.

Charters, W. W, The commonwealth teacher training study.
Chicago: The University of Chicago Press, 1729.



164

Christensen, C. M. Relationships between pupil achievemer::,
pupil affect - need, teacher, warmth, and teacher
permissiveness. Journal of Educationellpachol2a,
1960, 11(3), 169 -f74.

Cooley, W. W., & Klopfer, L. E. Test on Understanding
Science, Form W. Princeton, gew Jersey: -Educational
Imam Service, 1961.

Cosard, J. P. Admission criteria, review of the litera-
ture. College and University, 1953, 28, 338 -'64.

Cossman, G. W. The effects of a course in science and
culture designed for secondary school students.
(Doctoral dissertation, University of Iowa) Ann
Arbor, Mich.: University Microfilms, 1967, No.
68-913.

Coulter, J. C. The effectiveness of inductive laboratory,
inductive demonstration, and deductive laboratory in
biology. (Doctoral dissertation, Un_versity of
Minnesota) Ann Arbor, Mich.: University Microfilms,
1965. No, 65-15192.

Craven, G. F. Critidal thinking abilities and under-
standing of science by science teacher candidates at
Oregon State University. (Doctoral dissertation,
Oregon State University) Ann Arbor, Mich.: University
Microfilms, 1966. Nc. 66-7121.

Cronbach, L. J. The two disciplines of scientific psy-
chology. American Psychologist, 1957, 12, 671-684.

Crumb, G. H. Understanding of science in high school
physics. Journal of Research in Science 2eaching,
1965, 1(37117727.

Davis, C. R. Selected teaching-learning factors contz4bci-
ing to achievement in chemistry and physics. (Doc-
toral dissertation, University of North Carolina at
Chapel Hill) Ann Arbor, Mich.: University Micro-
films, 1964, No. 65-9002.

de Zafra, Carlos, Jr. Teaching for Oritl.cal Thinking,
The Clearing House, 4f: Nceriber 1966.

Downie, N. M. Fundamentals of measurement. New York:
Oxford (University Press, 1958.



165

Dressel, P. L., & Mayhew, L. B. General_ education:
Explorations in evaluation. Ashington,-D.
American Council on Education, 1954.

Dressel, P. L., & Mayhew, L. B. How the individual learns
science. Rethinking Science Education, 59th Yearbook,
National society for the Study of Education, Uni-
versity of Chicago, University of Chicago Press, 1960.

Durflinger, G. W. The prediction of college success, a
summary of recent findings. Journal of the American
Association of Collegiate Rantrars, 1343, 19,
66-M

Dyer, H. S. Test use in admission, placement and guidance.
Colle e Board Review, 1952, 3(May), 266-273.

Easter, R. R. Does high school physics raise college
physics grades? Journal of Home Economics, 1954,
ik (Dec.), 729-710.

Edie, J. W. Grading procedures and student character-
istics in an introductory course in college physics.
Unpublished doctoral dissertation, University of
Iowa, 1969.

Educational Policies Commission. The central purpose of
American education. Washington Educational Policies
Commission of the National Education Association,
1961.

Feldt, L. S. A comparison of precision of three experi-
mental designs implying a concomitant variable.
Psychometrika, 1958, 22(4), 335-354.

Festinger, L. A. A theoryof cognitive dissonance.
Eveziston, Ill.: Row Peterson, 1957.

Finger, J. A., Jr., Corbin, F., & Dillon, J. A., Jr.
Performance in introductory college physics and
previous instruction in physics. Journal of Research
in Science Teaching, 1965, 3(1), 61-65.

Fleming, E. S., & Weintraub, S. Attitudinal rigidity as
a measure of creativity in gifted children. Journal
of Educational Psycology, 1962, 22(2), 81-657-



166

Fogg, C. P. An evaluation of two testing techniques and
their influences on achievement in science and on
some aspects of critical thinking. (Doctoral
dissertation, Boston University) Ann Arbor, Mich.:
University Microfilms, 1963; No. 64-7178.

Foster, C. A. The correlation of marks in certain high
school subjects with those in college physics and
college chemistry. School Science and Mathematics,
1938, 28, 743-746.

Fox, R. B. Difficulties in developing skill in critical
thinking. The Journal of Educational Research, 1962,
22(7) , 335-337.

Frederickson, N., & Shrader, W. The ACE psychological ex-
amination and high school standing as predictors of
college sucoess. Journal of Applied Psychology, 1952,
26, 261-265.

Frenkel-Brunswick, E. Intolerance of ambiguity as an
emotional perceptual personality variable. Journal
of Personality, 1949, 18, 108-143.

Fricke, B. C. How colleges should pick their students.
College Board Review, 1958, 2i, 17-22.

Friend, C. M., & Zubek, J. P. The effects of age on
critical thinking ability. Journal of Gerontology,
1158, 12, 407-413.

Gallagher, J. J. Testevesen.orroect:Attitudes of
seniors concitiiiiikidieh66,CleTibiaiaT-Eanoatlon
27;77071Nuncil of America, 1969.

Garrett, It F. A review and interpretation of investiga-
tions of factors related to scholastic success in
colleges of arts and sciences and teachers colleges.
Journal of Ex erimental Education, 1949, 18, 91-93.

George, K. D. A comparison of the critical thinking
abilities of science and non-science majors.
Science Education, 1968, a, 11.

George, K. D. The effect of critical thinking upon course
grades in biology. Science Education, 1968, 22,
421-426.



167

Getzels, J. W. Methods used to study personality. Journal
of National Association of Deans Women, 1953, 16, L51.

Getzels, J. W. Educational news and editorial comment:
Necessity and innovation in the selection and
training of teacher.). Elementary School Journal,
1955, 17., 427-434.

Getzels, J. W., & Jackson, P. W. The teacherts personality
and characteristics. In (5th ed.) N. L. Gage (Ed.)
Handbook of research on teaching. Chicago: Rand
Mogaily, 1967.

Giessow, F., Jr. Prediction of success in first year
natural science courses at Washington University.
Unpublished doctoral dissertation, Washington
University, 1953.

Gough, H. G. Manual for the California Psychol,ogical In-
ventory. ralo Ail(); Consulting Tsychaogists,-1960.

Gowan, J. B., & Domos, G. B. The education and guidance,
of the ablest. Springfield-, 111.: Charles C.
Thomas, 1964.

Graig, R, C., & Holsbach, Celestine M. Utilizing existent
interests to develop others in general science
classes. School Science and Mathematics, 1964, a
(2), 120 -12S.

Heath, R. W. Pitfalls in the evaluation of new curricula.
alence Education, 1962, A6(3), 216.

Heath, R. W. Curriculum, cognition, and educational
measurement. Educational and Psychological Measure-
ment, 1964, ap77727.4751

Henderson K. B. The teaching of critical thinking.
Phi Delta Kappan, 1958, 21,"

Henkel, E. T. The effects of instruction in physics upon
the critical thinking ability of undergraduate
students. 37377.151eeciLLirJournaloflariScnceTeaching,
1967-1968,

Houle, C. 0. Evaluation in the eight year study.. Cur-
riculum Journal, 1943, 1A.



168

Hurd, P. The ,:ase against high school sics. Schoolphy
Silience and Mathematics, 1953, 12(6), 439-45=

Jerkins, K. F. Measurement of "understanding science and
scientist" in selected junior high school classes.
Sqpnce Education, 1969, 22(5), 399-401.

Jones, K. M. The attainment of understandings about the
scientific enterprise, scientists, and the aims and
methods of science by students in a college physical
science course. Journal of Research in Science
Teaching, 1969, 6(1), 47 -4'.

Kelman, H. C. Process of opinion change. Public Opinion
Quarterly, 1961, El, 57-78.

Kegp, C. G. Effects of dogmatism on critica1/thinking,
School Science and Mathematics, 1960,'60(4), 314-319.

/Kemp, C. G. Comparison of manifest needs of open and
closed minds. Journal of Research in Science Teach-

,

ing, 1964, 2(2)707:177----

Kimball, M. E. Student opinion changes during a year of
studying at Harvard Project Physics course. Journal
of Research in Science Teaching, 1966;-1(3),
173-174.

Kimball, M. E. Understanding the nature of science: A
comparison of scientists and science teachers.
Journal of Research in Science Teaching, 1967-
1965. 8(2), 110-120.

Kruglak, H. The effect of high school physics and college
laboratory instruction on achievement in college
physics. Science Education, 1965, /2 (3), 219-222.

Lewin, X., Lippitt, R., & White, R. K. Patterns of ag-
gressive behavior in experimentally created
"social climates." Journal of Social Psychology,
1939, 10, 271-299.

Lindquist, E. F. Design and analysis of experiments in
education. Boston: Houghton, Mifflin, 1933.

Mackay, L. D. Development of understanding abate the
nature of science: Journal of Research in Science
Teaching, 1971, 8(177517:17'



169

MacPhail, A. H. The intelligence of college students.
Baltimore: Warwich and 'Yoik, 124.

Mahan, L. A. The effect of problem-solving and lecture
discussion method of teaching general science in
developing student growth in ,basic understanding,
problem solving skills, attitudes, interests,
personal adjustments. (Doctoral dissertation,
Pennsylvania State University) Ann Arbor, Mich.:
University Microfilms, 1963. 63-6308.

Maslow, A. H. Motoivationand Personality. New York:
Harper and bros., 1,54. 7

Mead, M., & Metreaux, R. Image of the scientist among
high-school students, a pilot tudy. Science, 1957,
126, 384-390.

Medley, D. M., & Mitzel, H. E. Measui.ing classroom be-
havior by systematic observation. In N. L. Gage
(Ed.), Handbook of research on teaching. Chicago:
Rand Mc/tally, 1963.

Miller, P. E. A comparison of the abilities of secondary
teachers and students of biology\to understand
science. Proceedings of the Iowa Academy of Science,
1963, 22, 510-513.

Mitchell, J. V., Jr., & Pierce-Jones, A factor
analysis of Gough's California PsYchologial
Inventory. Journal of Consultin P cholo 1960,
a(5), 453-456.

Mitias, R. G. E. Concepts of science an scientists

c;

among college students. Journal of esearch in
Science Teaching. 1970, .V21, 135- \O.

i

Naibert, Z. E. A statistical investigati n of factors
relating to success in a first cour e in college
chemistry. (Doctoral dissertation, niversity of
Iowa) Ann Arbor, Mich.: University Microfilms,
1964. No. 64-7935.

Nelson, E. Attitudes: 1. Their nature and development.
The Domain of General Psychology, 1939, 21(Oct.),
750.



170

Newcomb, T. M. Personality and social change. New York:
Dryden, 1953.

Olstad, R. G. The effects of science teaching methods on
the understanding of science. Science Education,
1970, 52(1), 9-11.

Ost, D. H. An analysis 9f the effects of a summer in-
stitute in biology upon teachers' classroom be-
havior and attitude towards BSCS rationale!
(Doctoral dissertation, University of Iowa)
Ann Arbor, Mich.: University Microfilms, 1970.
No. 7l-22072.

Perkins, H. V. A procedure for assessing the classroom
behavior of students and teachers. 'r can
Educatianal Research Journal, 1964w_ , 49-260.

Poffenberger, T., & Norton, D. Factors/in the formation
of attitudes toward mathematics/./ The Journal of
Educational Research, 1959, 2(5), 1'7I-17T.

Postman, L., Bruner, J., & McGi s, E. Personal values
as selective factors in prception. Journal of
Abnormal and Social PsYc alogY, 1948, 12(2), 142 -
131.

Ramsey, G. A., & Howe, R. 14/4 An analysis of research on
instructional procedures in secondary school science
part I - outcomes of instruction. The Science Teach-
er, 1969, 26(3), 62-70,

Reilly, J. J. Evaluating critical thinking in science.
Science Teacher, 1961, 28(8), 34-35.

Remmers, H. H. High school students look at science.
Thgkmx411122igion2811112211, No. 50. Lafayette,
MEIV37-717tiaiThdia-1-957.

Remmers, H. H. Rating,methods in research on teaching.
In N. L. Gage (Ed.), gang291421022aalLon
teaching. Chicago: Rari.Clvieflaaly,-1963.--

Renner J. W., Whitaker, A. J., & Bautista, L. B. Is
high school physics a waste for college preparation?
American Journal of Physic::, 1965, 21(8), 620.



171

Rickert, R. K. The critical thinking ability of college
freshman physical science students. (Doctoral
dissertation, New York Univeisity) Ann
Arbor, Mich.: University Microfilms, 1962.
No. 62-1449.

Robinson, J. T. The nature of science and science teach-
lag. Belmont, California: Wadsworth !Cress, 1368.

Rogers, E. M. The research scientists look at the
purpose of science teaching. In N. B. 'Henry (Ed.),
Ret nkin science education Fift -nin earbook
01 e a ona b0C ety. or tine b uav o 'Auca on.
thi ago: University of Chicago Press, T9-6u

Rokeach, M. The oven and closed mind. New York: Harper
and BroTEM71175177---------

Rosen, C., & Revak, R. Illinois college physical science.
In informal proposal to the National Science Founda-
tion, Washington, D. C., December, 1970.

Rosen, S., Weller, I., & Gaides, I. Science end methods
for teachers-to-be. Elementary School Journal,
1968, 62(3), 137-142.

Rothman, A. I. Teacher characteristics and student
learning. Jo al of Research in Science Teaching,
1969, 6(4),

Rothman, A. I., Walberg, H. IT, & Welch, W. W. Physics
teacher characteristics and student learning.
Journal of Research in Science Teaching, 1969,
6(1),

Sachtleben, C. C. An analysis of selected variables which
effect success in physics in liberal arts colleges.
(Doctoral dissertation, University of Iowa)
Ann Arbor, Mich.: University Microfilms, 1967.
No. 67-9096.

Saunders; H. N. The teaching Of general science in
tropical secondary schools. Iondon: bxfor(i 'University

press, 1955.



172

Schmedemann, G. D., & LaShier, W. S., Jr. A study of the
relationships between the cognitive preference of
students and selected characteristics of their PSSC
teachers. Paper presented at the 14th annual meet-
ing of National Association for Research on Science
Teaching, Chicago, February 1967,

Schmidt, D. J. Test on understanding science: A compar-
ison among several groups. Journal of Research in
Science Teaching, 1967-19687577750:56=---

Shaw, M. F., & Wright, J. M. Scales $or the measure-
ment of attitude. New York: gcGraw-Hal,

Silance, E. B. A S9gle for Measuring...Attitudes Toward
Any School gaiect, Form k and H. Iafayetle,
Indiana: furdite Research Foundation, 1960.

Skinner, B. F. Beyond freedom and dignity. Psychology
TL, 1971, 1(3), 66.

Snider, B., cc Thomas, B. Seigctedstatlgticalpulorm.
Iowa City, Iowa: The-arfffdity-df-I6W4-1-970.

Solomon, D., Bezdek, W. E. & Rosenberg, L. Teacher be-
havior and student learning. The Journal of
Educational Psychology, 1964, IS1f, 23-30.

Solomon, M. D. The personality factor of rigidity as an
element in the teaching of the scientific method.
(Doctoral dissertation, Michigan State Uni-
versity) Ann Arbor, Mich.: University Microfilms,
1953. No, 4326.

Sorenson, H. Psychology in education. (4th ed.) New
York: mcGraw-Hfli, 1964.

Sorenson, L. L. Change in critical thinking betweea
students in laboratory-centered and lecture-
demonstration-centered patterns of instruction in
high school biology. (Doctoral dissertation,
University of Oregon) Ann Arbor Mich.: University
Microfilms, 1966. No. 66-3959.

Sumner, W. G.'Folkways. Boston: Ginn, 1907.

Tamir, P. High school preparation and college biology.
BioScience, 1969, 12(5), 447-449.



173

Taylor, C. (Ed.) First University of Utah Research
conference on the identification o ±' creative
science talent. Salt Lake City, Utah: University
oi

4
Utah Press, 1958.

Thurstone, L. L., & Charge,. E. J. The measurement of
attitudes. Chicago: University of-Chicago -Press,
'1979.

Tisher, R. P. Understanding concerning science in some
Australian studehts. Australian Science Teachers'
Journal, 1967, 12, 57-65.

Trent,' J. The attainment of the concept "understanding
science" using contrasting physics courses? Jourkpl
of Research in Science Teaching, 1965, 20).
224-22.

Troxel, V. A. Analysis of instructional outcomes of
students involved with three courses in high Erliool
chemistry. (Doctoral dissertation, University of
Iowa) Ann Arbor, Mich.: University Microfilms,
1968. No. 68-16887.

Tuckman, B. W. A technique for the assessment of teacher
directiveness. The Journal of Educational Research,
1970, 62(9), 395-396.

Watson, G., & Glaser, E. M. Watson - Glaser Critical,
Thinki A raisal Forms Am and ZR. New York:
arcour nrace ana World, 1952.

Watson, G., & Glaser, E. M. Mapual foKyatson-Glaser,
Critical Thinking, Apprafsal.-New Tork: Harcourt,
trace ana 'world, 9o44.

Watson, R. P. The relationship between selected person-
ality variables, satisfaction, and academic achieve-
ment in defined classroom atmosphere. (Doctoral
dissertation, University of Michigan) Ann Arbor,
Mich.: University Microfilms, 1958. No. 58-1014.

Weir, E. C. The open-mind: An essential in teaching and
learning. The Educational Forum, 1963, 429-435.

Welch, W. W. Some characteristics of high school physics
students: circa 1968. Jo al of Res arch in Sci-
ence Teaching, 1969, 6 , -



PAGE 174 WAS MISSING FROM THIS DOCUMENT
PRIOR TO ITS BEING SUBMITTED TO THE ERIC
DOCUMENT REPRODUCTION SERVICE.



175

APPENDICES

A t.
1 t ,..!



APPENDIX A

NOTIFICATION OF GRANT AWARD

Dept. of Health, Education, and Welfare
Office of Education
Washington, D.C. 20202

NOTIFICATION OF GRANT AWARD

.4

Vendor Number

OE- 001892

NIH- 564064

176

1. Name and Address of Institution

The University of Iowa
Iowa City, Iowa 52240

PROJECT DIRECTOR: Mr. M.I. Himaya
(319) 353-2121

2, Grant #

0024 (509)

2A. Transaction
Number

720E9289

3. Project #

2G038

4. Amount

$10,000,00

5. Period of
Grant

6. Make Checks Payable To:

The University of Iowa

From Through

4-15-72 4-14-73

7. Grant Award
Is
A. X new
B. revision

number



177

APPENDIX A (00NTID.)

8. Proposal Title
"Identification of Possible Variables for Predicting
Student Success in Physical Science College Courses
Designed for Non-Science Majors"

9. Scope of Work and/or Special Conditions
THIS GRANT CONSISTS OF:

a. B reference: The above-identified grantee's
proposa dated 11-11-71; and grantee's letter
dated 4-7-72.

b. By attachment: EXHIBIT A - Special Provisions
(2 pages).

EXHIBIT B - OE Form 5245, 9/69,
Grant Terms and Conditions for Research Programs
(General), (4 pages with two added clauses -
total of 6 pages).

c. Cost sharin : T1is grant is subject to an in-
s u ona cost sharing arrangement with an
effective date of 7-1-71.

10. Grant Authority APPROP. SYM. C. A. N.
P.L. 89-10, Title IV,
Section 2 (a) 7520292 22072711

Approved

11. Name of-Grants Officer 12. Tete
Henry J. Pratt
(816) 374-2541

4-14-72

13. Signature of Authorized Government Official

=ma

OE FORM 6030, 9/70 Replaces Edition of 7-70, which is
obselete



178

APPENDIX B

PHILOSOPHY AND OBJECTIVES OF THE

"THOUGHT AND STRUCTURE IN PHYSICAL SCIENCE" COURSE AT THE

UNIVERSITY OF ILLINOIS

This section includes the aims, philosophy, and ob-

jectives of the course called "Thought and Structure in-

Physical Science" (LAS 140) at the Urbana-Champaign Campus

of the University of IllinoJs, as described by the origin-

ators of the course, Professors Sidney Rosen and Robert

Revak (1970). This course is offered to non-science majors

in the Liberal Arts College at the University of Illinois

as an elective to satisfy the general education require-

ments for graduation. The course is also the physical

science part of an experimental course for elementary edu-

cation majors which combines the content of physical science

with the methods of teaching science.

Rosen and Revak feel that science, even in the light

of the newer science curricula, has never been defined

adequately for educational purposes, especially with regard

to a meaningful distinction between science and technology.

Rosen and Revak define science as:

1. The making of conjectures about natural
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phenomena that may be made in any manner

whatsoever (conjectures is used here to

mean guesses, hunches, and intuitive ideas)

and attempts to refute such conjectures.

2. The emergence of conjectures which, for no

apparent reason, cannot be refuted.

3. The development of emergent conjectures

toward a point of crystallization beyond

which, by this definition, one is operating

within his own particular technology. This

activity is what they call a "science way of

life" (a term used throughout this discussion).

It seems clear, then, that it is in the third stage

that the gathering of evidence begins to-have meaning.

This evidence is utilized to develop a non-refutable

conjecture toward a theory that will support generaliza-

tion and prediction. Since this definition seems to be

a departure from the usual definitions of science, it

would be "reasonable to get students to verbalize their

perceptions regarding various physical phenomena. Thus

one might begin by determining the frame of reference from

which any student might be operating. Hopefully, in this

way, students would begin to develop some criteria for the

validity of their own ideas. This method calls for a

high lever of contribution by both teacher and students.
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To live comfortably with science, it is necessary to

live with a dynamically changing system of concepts; that

is, it is necessary to live with enough conservatism to

resist the easy abandonment of concepts, but enough flexi-

bility to be able, when necessary, to "switch rather than

fight." Ideally, then, a science course for the non-sci-

ence majors ought to demonstrate to the student what has

been called a "science way of life." This implies the

following intellectual habits; living comfortably with

change; having open-mindedness and tole ce of belief

systems other than one's o developing c teria for

the validity of ideas and pplying them o one's own

belief systems; and, especially for t ose wh, are pre-

paring to teach, possessin an awaren s and apprecia-
-

tion of the many differing belief systems of students.

If we accept the proposition that an individual's

perception of a particular phenomenon differs, let us

say, from the textbook, then the first goal of the physical

science course is to get the student to examine such

differences in the light of evidence that can or cannot

be explained. It is assumed that this skill is learned

best when the student understands his own point of view

and learns to evaluate it. The educated student is -

assumed to be the one who has a tolerance for a variety of

explanation3 and yet is aware of the possible criteria

for an adequate explanation. Nevertheless, the physical
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sciences have been taught, traditionally, in terms of

solving problems by substitution in appropriate formulas

and application, of other mathematical techniques. For

the purpose of general education, and especially for those

students destined to become teachers, such a practice

leaves much to be desired. Thus, the University of

Illinois course attempts to get the students to operate

in those early stages of sotentific thinking that pre-

cede crystallization.

It may seem trite .tc; say that college education should
\

involve an honest examination of one's own beliefs, an

honest examination of scholarly opinions, a resulting shift

of one's own beliefs, and the selection and organization of

evidence into arguments. How often do teachers; at any

level seek out the student's own belief system and attempt

to engage him in its defense? We have to remember that

the advancement'of knowledge and scholarship proceeds from

an honest comparison of conflicting views in the face of

evidence, reason, and human judgment.

What is suggested here is that the physical science

course must be based to a great extent upon creating

conflicting views for the student, causing what might be

called "the generation of dissonance" (Festinger, 1957).

Consequently, much of the course must be built wound

frequent "brain-storming" sessions, which involve the

expression and recognition of dissonance, and from which
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may spring a basiJ for re-thinking.

If critical thinking is emphasized in a physical sci-

ence course for non-science majors,II-Seiths reasonable to

hope that the simultaneous extension of such thinking

into the science methods course would prepare the ground

for a pedagogy that promotes critical thinking in the

classroom. Therefore, an important part of the science

method course ought to be exploring how a student's intuit-

ive view of the world can-change.

ThUs, if the student in the course is being encouraged

to express his or her beliefs about the physical world and

to defend those beliefs via a reasonable argument, one

can hope that any major rigidity in this student can be

loosened. College students often forget why they have

changed; accidental fringe interactions within their own

belief systems pass almost unnoticed. Any change of

view that is made in terms of acquiescence to authority,

but without personal conviction, is clearly not a change

of any edu "cational value.

The staff of the experimental course\is concerned with

examining how well the student can handle his own view-

point concerning a physical phenomenon; on this ability the

student is usually graded. The answer choices provided in

the examination would allow the student to defend a choice

most consistent with his own view. Thus, instead of a
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text-book "right" or "wrong" answer, the student has a

choice of answers, some of which may more easily be de-

fended by a reasonable argument than others. The student

may find that in order to plan a defense, he will have to

add certain assumptions to the staff L the problem -

which he is permitted to do. Each problem might con-

tain a part whidh asks the student to give the rationale

for rejecting one of the answer choices. In short, the

staff tries to move the student away from the hidebound

tradition of the single, absolute, correct answer to a

problem (to which he has been generally conditioned by

previous education) and towards the more realistic prac-

tice of decision-making by setting criteria for the vali-

dity of ideas. The questions are often designed to allow

practi e in the divergent production of thought. This

practice will get the student involved in the make-up

of the problem by allowing him not only to set its con-

straints, but to operate within assumptions of his own

which may lie in relationship to the setting of the problem.

Staff members are not really concerned with teaching

"their own brand of physical science" as much as they are

with examining what Polyani calls "personal ImoWledge,"

Although the staff realiies that the students will ac-

quire some familiarity with "their brand", they are con-

cerned with nature of evidence as related to each student's

conceptual view. The staff membersljudge the groWth-of an

;J
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individual in tetras\ of that individual's ability to cope

w:th problems, to formulate appropriate questions, and

to evaluate alternatives. Competence in the dynamics

of learning and the use of knowledge' for making rational

decisions about problems form the basis for testing.

There is less emphasis upon grades as an indicator of

one's competitive ability, and more emphasis upon

generating diversity,
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n
d
 
a
s
 
h
a
v
i
n
g
 
s
u
p
e
r
i
o
r

i
n
t
e
l
l
e
c
t
u
a
l
 
a
b
i
l
i
t
y
 
a
n
d

j
u
d
g
m
e
n
t
.

A
m
b
i
t
i
o
u
s
,
 
a
c
t
i
v
e
,
 
f
o
r
c
e
-

f
u
l
,
 
i
n
s
i
g
h
t
f
u
l
,
 
r
e
s
o
u
r
c
e
-

f
u
l
,
 
a
n
d
 
v
e
r
s
a
t
i
l
e
;
 
a
s

b
e
i
n
g
 
a
s
c
e
n
d
a
n
t
 
a
n
d
 
s
e
l
f
-

s
e
e
k
i
n
g
;
 
e
f
f
e
c
t
i
v
e
 
i
n
 
c
o
m
-

m
u
n
i
c
a
t
i
o
n
;
 
a
n
d
 
a
s
 
h
a
v
i
n
g

p
e
r
s
o
n
a
l
 
s
c
o
p
e
 
a
n
d
 
b
r
e
a
d
t
h

o
f
 
i
n
t
e
r
e
s
t
s
.

C
l
e
v
e
r
,
 
e
n
t
h
u
s
i
a
s
t
i
c
,
 
i
m
a
-

g
i
n
a
t
i
v
e
,
 
q
u
i
c
k
,
 
i
n
f
o
r
m
a
l
,

s
p
o
n
t
a
n
e
o
u
s
,
 
a
n
d
 
t
a
l
k
a
t
i
v
e
;

a
s
 
b
e
i
n
g
 
a
c
t
i
v
e
 
a
n
d
v
i
g
o
r
o
u
s

a
n
d
 
a
s
 
h
a
v
i
n
g
 
a
n
 
e
x
p
r
e
s
s
i
v
e
,

e
b
u
l
l
i
e
n
t
 
n
a
t
u
r
e
.

T
A
B
L
E
 
5
4
 
(
C
O
N
T
I
D
.
)
 
.

S
C
A
L
E
 
A
N
D
 
P
U
R
P
O
S
E

A
i
 
(
a
c
h
i
e
v
e
m
e
n
t
 
v
i
a
 
i
n
d
e
-

p
e
n
d
e
n
c
e
)
 
T
o
 
i
d
e
n
t
i
f
y
 
t
h
o
s
e

f
a
c
t
o
r
s
 
o
f
 
i
n
t
e
r
e
s
t
 
a
n
d

m
o
t
i
v
a
t
i
o
n
 
w
h
i
c
h
 
f
a
c
i
l
i
t
a
t
e

a
c
h
i
e
v
e
m
e
n
t
 
i
n
 
a
n
y
 
s
e
t
t
i
n
g

w
h
e
r
e
 
a
u
t
o
n
o
m
y
 
a
n
d
 
i
n
d
e
p
e
n
-

d
e
n
c
e
 
a
r
e
 
p
o
s
i
t
i
v
e
 
b
e
h
a
v
i
o
r
s
.

C
s
 
(
c
a
p
a
c
i
t
y
 
f
o
r

s
t
a
t
u
s
)
 
T
o

s
e
r
v
e
 
a
s
 
a
n
 
i
n
d
e
x
 
o
f
 
a
n

i
n
d
i
-

v
i
d
u
a
l
l
s
 
c
a
p
a
c
i
t
y
 
f
o
r
 
s
t
a
t
u
s

(
n
o
t
 
h
i
s
 
a
c
t
u
a
l
 
o
r
 
a
c
h
i
e
v
e
d

s
t
a
t
u
s
)
.

T
h
e
 
s
c
a
l
e
 
a
t
t
e
m
p
t
s

t
o
 
m
e
a
s
u
r
e
 
t
h
e
 
p
e
r
s
o
n
a
l

q
u
a
l
-

i
t
i
e
s
 
a
n
d
 
a
t
t
r
i
b
u
t
e
s
 
w
h
i
c
h

u
n
d
e
r
l
i
e
 
t
h
e
 
l
e
a
d
 
t
o
 
s
t
a
t
u
s
.

S
p
 
(
s
o
c
i
a
l
 
p
r
e
s
e
n
c
e
)
 
T
o

a
s
s
e
s
s
 
f
a
c
t
o
r
s
 
s
u
c
h
 
a
s
.

p
o
i
s
e
,
 
s
p
o
n
t
a
n
e
i
t
y
,
 
a
n
d

;
 
s
e
l
f
-
c
o
n
f
i
d
e
n
c
e
 
i
n
 
p
e
r
s
o
n
-

a
l
 
a
n
d
 
s
o
c
i
a
l
 
i
n
t
e
r
a
c
t
i
o
n
.

L
O
W
 
S
C
O
R
E
R
S

T
e
n
d
 
t
o
 
b
e
 
s
e
e
n
 
a
s
:

I
n
h
i
b
i
t
e
d
,
 
a
n
x
i
o
u
s
,

c
a
u
t
i
o
u
s
,
 
d
i
s
s
a
t
i
s
f
i
e
d
,

d
u
l
l
,
 
a
n
d
 
w
a
r
y
;
 
a
s
 
b
e
-

i
n
g
 
s
u
b
m
i
s
s
i
v
e
 
a
n
d
 
c
o
m
-

p
l
i
a
n
t
 
b
e
f
o
r
e
 
a
u
t
h
o
r
i
t
y
;

a
n
d
 
a
s
 
l
a
c
k
i
n
g
 
s
e
l
f
-
i
n
-

s
i
g
h
t
 
a
n
d
 
s
e
l
f
-
u
n
d
e
r
-

s
t
a
n
d
i
n
g
.

A
p
a
t
h
e
t
i
c
,
 
s
h
y
,
 
c
o
n
v
e
n
-

t
i
o
n
a
l
,
 
d
u
l
l
,
 
m
i
l
d
,

s
i
m
p
l
e
,
 
a
n
d
 
s
l
o
w
;
 
a
s

b
e
i
n
g
 
s
t
e
r
e
o
-
t
y
p
e
d
 
i
n

t
h
i
n
k
i
n
g
;
 
r
e
s
t
r
i
c
t
e
d
 
i
n

o
u
t
l
o
o
k
 
a
n
d
 
i
n
t
e
r
e
s
t
s
;

a
n
d
 
a
s
 
b
e
i
n
g
 
u
n
e
a
s
y
 
a
n
d

a
w
k
w
a
r
d
 
i
n
 
n
e
w
 
a
n
d
 
u
n
-

f
a
m
i
l
i
a
r
 
s
o
c
i
a
l
 
s
i
t
u
a
-

t
i
o
n
s
.

D
e
l
i
b
e
r
a
t
e
,
.
 
m
o
d
e
r
a
t
e
,

s
e
l
f
-
 
r
e
s
t
r
a
i
n
e
d
;
 
a
s

u
n
c
e
r
t
a
i
n
 
i
n
 
d
e
-

c
i
s
i
o
n
;
 
a
n
d
 
a
s
 
b
e
i
n
g

u
n
o
r
i
g
i
n
a
l
 
a
n
d
 
l
i
t
-

e
r
a
l
 
i
n
 
t
h
i
n
k
i
n
g

a
n
d
 
j
u
d
g
i
n
g
.



H
I
G
H
 
S
C
O
R
E
R
S

T
e
n
d
 
t
o
 
b
e
 
s
e
e
n
 
a
s
:

P
l
a
n
f
u
l
,
 
r
e
s
p
o
n
s
i
b
l
e
,

t
h
o
r
o
u
g
h
,
 
p
r
o
g
r
e
s
s
i
v
e
,

c
a
p
a
b
l
e
,
 
d
i
g
n
i
f
i
e
d
,
 
a
n
d

i
n
d
e
p
e
n
d
e
n
t
;
 
a
s
 
b
e
i
n
g

c
o
n
s
c
i
e
n
t
i
o
u
s
 
a
n
d
 
d
e
p
e
n
-

d
a
b
l
e
;
 
r
e
s
o
u
r
c
e
f
u
l
 
a
n
d

e
f
f
i
c
i
e
n
t
;
 
a
n
d
 
a
s
 
b
e
i
n
g

a
l
e
r
t
 
t
o
 
e
t
h
i
c
a
l
 
a
n
d

m
o
r
a
l
 
i
s
s
u
e
s
.

T
A
B
L
E
 
5
4
 
(
C
O
N
T
I
D
.
)
,

S
C
A
L
E
 
A
N
D
 
P
U
R
P
O
S
E

R
e
 
(
r
e
s
p
o
n
s
i
b
i
l
i
t
y
)
 
T
o

i
d
e
n
t
i
f
y
 
p
e
r
s
o
n
s
 
o
f

c
o
n
s
c
i
e
n
t
i
o
u
s
,
 
r
e
s
p
o
n
-

s
i
b
l
e
,
 
a
n
d
 
d
e
p
e
n
d
a
b
l
e

d
i
s
p
o
s
i
t
i
o
n
 
a
n
d
 
t
e
m
p
e
r
-

a
m
e
n
t
.

L
O
W
 
S
C
O
R
E
R
S

T
e
n
d
 
t
o
 
b
e
 
s
e
e
n
 
a
s
:

I
m
m
a
t
u
r
e
,
 
m
o
o
d
y
,
 
l
a
z
y
,

a
w
k
w
a
r
d
,
 
c
h
a
n
g
e
a
b
l
e
,

a
n
d
 
d
i
s
b
e
l
i
e
v
i
n
g
;
 
a
s
 
b
e
-

i
n
g
 
i
n
f
l
u
e
n
c
e
d
 
b
y
 
p
e
r
s
o
n
a
l

b
i
a
s
,
,
 
s
p
i
t
e
,
 
a
n
d
 
d
o
g
-

m
a
t
i
s
m
;
 
a
n
d
 
a
s
 
u
n
d
e
r
-

c
o
n
t
r
o
l
l
e
d
 
a
n
d
 
i
m
p
u
l
s
i
v
e

i
n
 
b
e
h
a
v
i
o
r
.



MEAN SCORE

MEAN SCORE

APPENDIX D

OF INSTRUMENTS

TAkl, 55

OF INSTRUMENTS

USED IN STUDY

USED IN STUDY

TEST
SUB.
TEST

II

ITEM
# PRE
STS. MEAN

SCORE

# POST
STS. MEAN

`SCORE

T
1

60
18

36.23
11.61 12:47

TOUS 2 18 471 11.91 339 11.84
3 23 12.12 12.62\

T
1

99
20

71.65
11.69

67.49
10.04

2 16 12.88 11.68
WGCTA 3 25 277 19.78 219 18.52

4 24 16.54 17.24
5 14 10.76 10.01

1 17 5.51 6.05
SILANCE 2 17 443 5.76 276 6.41

3 17 5.78 6.12

SPOTS 276 119.63

DS T 40 443 136.91

1 22 12.40
2 32 19.10
3 52 9 CPI was '

CPI 4 32 290 r9.9.91 'Ministered
5 32 19.29 only at the
6 56 .68 . beginning of the
7
8

38
34

2

2

1
.93

, .53
academic year.

9 39 25,62
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APPENDIX E

MEDIAN SCORE OF INSTRUMENTS USED IN STUDY

TABLE 56

MEDIAN SCORE OF INSTRUMENTS USED IN STUDY

TEST
SUB.
TEST

#
ITEM

# PRE
STS. MEDIAN

SCORE

# POST
STS. MEDIAN

SCORE

T 60 36.70 38.08
1 18 11.88 12.82

TOUS 2 18 471 12.04 339 12.11
3 23 12.14 12.59

T 99 71.63 68.55
1 20 11.79 10.24
2 16 13.24 12.29

WGOTA 3 25 277 20.24 219 18.72
4 24 16.39 17.72
5 14 10.90 10.18

1 17 5.64 6.35
SILANCE 2 17 443 6.02 276 6.97

3 17 6.04 6.80

Aigig T 121.50

DS T 40 443 138.69

1 22 12.55
2 32 19.54
3 52 37.79
4 32 20.18 al, was
5 32 290 19.61 administered
6 56 38.07 only at the
7 56 25.09 beginning'of the
8 34 22.75 academic year
9 39 25.75 /



RELIABILITY

RELIABILITY

APPENDIX F

OF INSTRUMENTS USED IN STUDY*

TABLE 57

OF INSTRUMENTS USED IN STUDY*

191

SUB. #
TEST TEST ITEM

# PRE # POST
STS. RELIAB. STS. RELIAB.

T
1

TOUS 2

3

1

WGCTA 2

3
4
5

60
18
18
23

0.692
0.480

471 0.416
0.376

99 0.756
20 0.096
16 277 0.560
25 0.649
24 0.546
14 0.316

1

SILANCE 2 17
3 17

SPOTS T

DS

CPI

T

443 0.106
0.110

1 22 0.591
2 32 0.665
3 52 0.670
4 32 290 0.500
5 22 0.470
6 56 0.614
7 38 0.645
8 34 0.516
9 39 0.614

.707
0.515

339 0.415
0.371

0.790
0.446

219 0.622
0.519
0.578
0.454_

0.064
276 0.303

0.378

QL was
administered
only at the
beginning of the
academic year

* based on KUder Richardson formula 21
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STANDARD

APPENDIX G

DEVIATION OF INSTRUMENTS USED IN STUDY

TABLE 58

DEVIATION OF INSTRUMENTS USED IN STUDY

192

SUB
TEST TEST ITEM

# PRE # POST
STS. STAND. STS. STAND.

DEV. DEV.

rala.

T 60
1 18
2 18
3 23

T 99
1 20
2 16

WGOTA 3 25
4 24
5 .14

1 17
SILANCE 2 17

17

SPOTS

DS T 40

1 22
2 32
3 52

CPI 4 32

5 32
6 56
7 38
8 34
9 39

6.71
2.75

471 2.58 339
2.99

8.86
2.31

277 2.30
3.31
3.29
1.88

1.87
443 2.06

2.06

443 25.48

3.52
4.65
5.58
3.82

290 3.75
5.57
4.80
3.90
4.68

6.80
2.73
2.58
2.97

10.04
2.95

219 2.75
3.09
3.30
2.40

2.04
276 2.36

2.46

276 20.36,

CPI was
;Ministered
only at the
beginning of the
academic year
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APPENDIX H

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH IN TOUS SCORES

TABLE 59

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH IN TOUS SCORES

VARIABLE MEAN STD. DEV.

1 -High School Rank 86.09 12.25

2 College Physical Sciences 0.55 2.46

3 High School Physical Sciences 1.26 0.72

4 College Pith. 3.18 5.27

5 High School Math. 3.23 0.86

6 Science ACT 25.33 4.26

7 Math ACT 26.73 4.70

8 Classification 1.14 0.35

9 Require-Elective 1.25 0.43

10 College Biology 1.87 3.39

11 _High School Biology 1.28, 0.46

12 English ACT 23.83 3.28

13 Sex 1.63 0,48

14 Dogmatism 136.08, 22.71

15 Flexibility 12.32 3.57

16 Tolerance 19.20 4.67

17 Achievement via Independence 20.17 3.78

18 Intellectual Efficiency 37.28 5.62

19 Achievement via Conformity 25.07 4.65

20 Responsibility 26.08 4.39

21 Self Acceptance 22.40 3.92

22 Social Presence 37.40 5.51

23 Capacity for Status 19.25 3.76

24 Instructor #1 0.20 0.40

25 Instructor #2 0.46 0.50

26 Instructor #3 0.33 0.47



194

APPENDIX I

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH IN WGCTA SCORES

TABLE 60
MEANS AND STANDARD DEVIATIONS OF THE

INDEPENDENT VARIABLES FOR GROWTH IN WGCTA SCORES

VARIABLE MEAN L;Tb. DEV.

1 High School Rank 86.72 13.05

2 College Physical Sciences 0.58 2.84

3 High School Physical Sciences 1.33 0.69

4 College Math. 2.98 5.95

5 '-High School Math. 3.19 0.93

6 Science ACT 25.75 3.67

7 Math ACT 27.46 3.88

8' Classification 1.13 0.34

9 Required-Elective 1.30 0.46

10 College Biology 1.67 2.97

11 High School Biology 1.22 0.49

12 English ACT 24.10 2.99

13 Sex 1.70 0.46

14 Dogmatism 138.31 22.92

15 Flexibility 12.65 3.36

16 Tolerance 19.72 4.51

17 Achievement via Independence 20.13 3.31

18 Intellectual Efficiency 37.51 5.25

19 Achievement via Conformity 25.74 4.45

20 Responsibility 26.62 4.41

21 Self Acceptance 22.33 4.43

22 Social Presence 37.75 5.45

23 Capacity for Status 19.76 3.84

24 Instructor #1 0.17 0.38

25 Instructor #2 0.45 0.50

26 Instructor #3 0.38 0.49
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APPENDIX J'

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH SCORES ON SILANCE

TABLE 61
MEANS AND STANDARD DEVIATIONS OF THE

INDEPENDENT VARIABLES FOR GROWTH SCORES ON ULANCE

VARIABLE MEAN STD. DEV.

1 High School Rank 85.06 13.63

2 College'Physical Sciences 0.52 2.62

3 High School Physical Sciences 1.27 0.72

4 College'Math. 3.24 5.41

5 High School Math 3.27 0.82

6 Science ACT 25.43 4.17

7 Math ACT 26.92 4.63

8 Classification 1.14 0.35

9 Required-Elective 1.27 0.44

10 College Biology 1.88 3.36

11 High School Biology 1.23 0.43

12 English ACT 23.75 3.04

13 Sex 1.64/ 0.48

14 Dogmatism 136.30 22.71

15 Flexibility 12.59 3.50

16 Tolerance 19.34 4.70

17 Achievement via Independnce 20.30 3.51

18 Intellectual Efficiency - 37.33 5.41

19 Achievement via Conformity 25.25 4.52

20 Responsibility 25.98 4.54

21 Self Acceptance 22.23 3.89

22 Social Presence 37.58 5.36

23 Capacity for Status 19.43 3.67

24 Instructor fil 0.16 0.37

25 Instructor //2 0.46 0.50

26 Instructor #3 0.38 0.49



APPENDIX K

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH SCORES ON SPOTS

TABLE 62
MEANS AND STANDARD DEVIATIONS OF THE

INDEPENDENT VARIABLES FOR GROWTH SCORES ON SPOTS

VARIABLE- MEAN STD. DEV.

1 High School Rank 84.31 14.24

-2--College Physical Sciences" 0.59 2.63

3 High School Physical Sciences 1.29 0.74

4 College Math. 3.42 5.41

5 High School Math 3.30 0.84

6 Science ACT 25.49 4.16

7 Math ACT 26.91 4.58

8 Classification 1.15 0.35

9 Required-Elective 2.27 0.44

10 College Biology 1.99 3.43

11' High School Biology 1.22 0.43

12 English ACT 23.67 2.95

13 Sex 1.61 0.49

14 Dogmatism 137.56 22.73

15 Flexibility 12.34 3.59

16 Tolerance 19.16 4.74

17 Achievement via Independence 19.98 3.61

18 Intellectual Efficiency 37.15 5.36

19 Achievement via Conformity 25.15 4.58

20 Responsibility 25.88 4.43

21 Social Acceptance 22.31 4.01

22 Social Presence 37.37 5.53

23 Capacity for Status 19.27 3.76

24 Instructor #1 0.15 0.35

25 Instructor #2 0.47 0.50

26 Instructor #3 0.38 0.49
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APPENDIX

,MEANS OF INDEPENDENT VARIABLES'
FOR TOTAL SAMPLE AND FOR EACH IN PR

TABLE 63

MEANS OF INDEPENDENT VARIABLES
FOR TOTAL SAMPLE AND FOR EACH INSTRUCTOR

VARIABLE
6

Inst,
#1

Inst.
#2

Inst.
#3

TO". O

SAMPLE

1. ACT Science Score 25.2 25.6 25.0

2. ACT Math Score 26.8 27.2 26.0 26.7

3. ACT English Score 23.7 23,8 23.9 23.8

4. High echool physics 1.3 1,3 1.2 1.3

5. High school math 3.3 3.3 3.1 3.2

6. High school biology 1.3 1.3 1.3 1.3

7. Classification 1.1 1.1 1.1 1.1

8. Required-Elective 1.3 1.2 1.3 1.3

9. Sex 1.7 1.6 1.6 1.6

10. Flexibility 11.8 12.7 11.1 12.3

11. Dogmatism 133,5 -05.5 138.2 136.0

12. Responsibility 26.3 26.0 26.0 26.1

13. Ach. Via Indep. 20.5 20.3 19.8 20.2

14. Self Acceptance 22.0 22.5 22.6 22.4

15. Capacity for Status 19.5 19.5 19.0 19.3

16, College Math 3.9 3.5 2.2 3.2

17. College biology 2.2 1.9 1.6

18, Tolerance 20.0 19.5 18.4 19.2

19. Intellectual
efficiency

37.6 37.5 36.9 37.3

20. Ach, Via Conf. 24.9 25.1 25.0 20.2

21. Social presence 38.0 37.8 37.4

22. College Physics .44 .84 / .20 .54

23. High School Rank 88.5 86.3 83.7 86,1
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APPENDIX M

STUDENT PERCEPTION OF TEACHER STYLE (SPOTS)

Direction: Each of the fi4lowing 17 statements describes
a facet of physical science classroom behavior. Please
rate the intensity or frequency of specific teacher brJ-
haviors on 9 point rating scales on the answer sheet.

1. The physical science teacher is mainly interested in

1 2 3 1
5 6 8 3

now many facts . if they get an idea ilether you can
you know across to you "think" for your-

self

2. The physical

1 2 3
hake you Ao What
they want you to
most of the time

3. The physical

1 2 3
Don't Tike to
talk about any
subject tha'c is
not a part of
your course

science teachers

472177674677ET--
6

they want you to
sometimes

science teachers

la caou ysur
course subject a lot
but encourage the
discussion of other
matters

8 9
ink you make your
own decisions most
of the time

8
Like to talk about
different subjects
and\ are interested
in Your personal
opinions

4. The students in our physical science classes

1 2 3
Only speak when
the teachers ask
them a question

5
6 7 8

,reel iree to ask the reel free to speai
teachers questions up at almost any

time



5. 'awn the teachers or another student says something
you don't agree with

1

Tau fry
2
na to

start an algu-
ment and feel
that Ws not
your job to tell
him he's wrong.

6. The physical

1 2 3
usually base
their opinions
on what the book
says or what the
administration
says

6
4ou tell Why you
disagree when the
teachers auk you to

science teachers

4'suany give you a-
nother point of
view in addition to
what the book says

8
iou Nel free f9c!

discuss and ar-
gue your point
of view whether
the teachers ask
you or not

8
;ell you that
books, teachers,
administration
and customs are
not always right

7. If you were to call your physical science teachers
by their first names

1 2 3
'hey wouldnIt
like it and
would tell you
not to do it

6
They wag tell you
that it's alright
to call 'them by
their first name
outside of school
but would prefer
you call them by
their last name while
they are teaching

8. The physical science teachers

1 .

never tell
jokes while
they are teach-
ing and do not
like it when
students joke a-
round

2 \ 3
oomeu mos to
joke or a humorous
story to get a
point across

8
ey wou

mind at all

8
1lAYs tali runny
stories and en-
courage the
students to tell
about funny
things that have
happened to them



9. The physical science teachers spend a lot of time

1 2
Telling you
about test
grades and
about how vhe
course to
planned

5 6

hying you an idea
about tests, gradec
and the course but
not the details.
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8
Asking you TO
make your own
decisions about
tests, grades, the
course plan

10. Wher we arc working on a group project or in a
committee, the physical science teachers

1 2 5 6
us exacfri Lggest ways that

what to do the project might
be'handled

let9

IJet the group mem-
bers decide how the
project should be
handled

11. The physical science teachers usually

1 2 3
Maxe ail the
students do the
same thing in
class (working,
studying)

12 When you get

1 2
You usually hoid
it in because
the teachers
would punish any
show of anger

13. The physical

1 2 3
Act like
teachers all the
time

5 6
kke some students
work on projects and
some students study,
depending on how far
behind they are

8
let Ike studel
do what they like
as long as they
complete the number
of prejects or
chapters assigned
by the end of the
week

angry at the physical science teachers

ibu reel. Lam you ,

can tell the teach-
ers why you are
angry

science teachers

You reel
8

1:hat yo9u
could show your
anger without the
teacher becoming
angry

4 5 6 8
Act like 'leachers Act like frienA
most of the time more than they act
but sometimes seem like teachers
more like friends



14. The first thing the physical science teachers do
when they come into the room

12 ______2
to be quiet so
that they can
take attendance

4 5 f.

40 to take Atendance
and ask you why some
students are absent
(if they are sick,
etc.)

201

ITJ-TOTUFFIT6ti--
start your pro-
jects or study-
ing and then take
attendance while
you're working

15. In the physical science classes homework

Is asefined every 4,11 divide3 between
6

Lally
8
consids

day and must be work which is due of long-term
handed in the every day and a row projects
next day long term projects

each term

16. In our class students work together in a group or
on a committee1g2 A5 6

ever some es

17. When there is work which has to be
student we are

8
-4. 97

great deal

done with another

1 8
beuaily

2
told with Ln sometames choose tan usually decide

whom to work our own work partner with whom we want
to work



CORRELATION

CORRELATION

APPENDIX N

MATRIX FOR ALL VARIABLES IN
REGRESSION FOR TOUS

TABLE 64
MATRIX FOR ALL VARIABLES IN
REGRESSION FOR TOUS

STEPWISE

STEPWISE
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OOMMINIIIMONNI

VAR. 1 2 9) 11
L) 6 7 ;;

9

1

2

3

4

5

6

7

8

9

1.00 .02

1.00

.09

.25

1.00

-.09

;47

.41

1.00

-.04

.07

.40

.41

1.00

.15

-.001

.26

.18

.20

1.00

.30

-.03

.30

.24

.44

.54

1.00

-.25

.35

.01

.25

-.07

-.15

-.20

1.00

- ( ) /1

.10

.22

.44

.28

.10

.12

.07

1.00
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TABLE 64 ( CONT/D. )

'VAR. 10 11 12 13 14 15 16 17 18

1 -.02 .08 .40 .31 -.03 -.11 .03 .05 .06

2 .22 -.03 -.07 -.14 .11 -.21 -.10 -.11 -.08

3 -.01 .06 -.04 -.33 .06 -.05 -15 -15 -.10

4 -.02 -.04 -.20 -.39 .11 -.23 -.1.6 -.21 -.12

5 -.04 .10 -.04 -.33 .10 -.12 -.19 -.27 -.23

6 ..21 -.04 24
...., -.20 -.07 .11 .06 .13 .14,

7 -.12 .02 .39 -.07 .01 -.02 -.03 -.08 -.02

8 .41 -.09 -.11 -.17 -.00 .04 .05 .04 .08

9 .03 .04 -.10 -.30 .10 -.13 -.09 -.14 -.05

10 1.00 .02 ,OA .11 -.03 .02
nn.V f .07 .05

11 1.00 -.06 .03 -.08 -.07 .02_, -.09 -.04

12 1,00 . 4.0 -.16 22 .1.3
TT.1.1 .20

13 1.00 -.14 .13 .27 .32 .21

14 1.00 -.23 -.4,42 -.47 -.37

15 1.00 .36 .58 .40

16 1.00 .65 .69

17 1.00 .64

18 1.00
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TABLE 64 (OONTID. )

VAR. 19 20 21 22 23 24 25 26 27

1 .19 .16 .16 -.04 .08 .12 .10 .02 -.10
2 -.05 -.13 .13 -.03 -.02 -.03 -.02 .11 -.10
3 -.07 -.10 .08 -.05 -.05 -.03 .01 .05 -.06
4 -.13 -.12 ..10 .02 -.12 -.10 .07 .06 -.13
5 -.21 -.22 -.05 -.02 -.17 -.13 .06 .06 -.11
6 .02 .11 .12 .10 .15 .00 -.01 .06 -.05
7 -.01 .06 .01 .02 .06 -.01 .01 .10 -.11
8 -.03 -.13 -.06 -.02 .01 -.12 -.02 -.03 .05
9 -.12 -.02 .12 .01 -.10 -.01 .05 -.07 .03

10 .05 .02 .03 -.03 .01 -.01 .04 .02 -.06
11 .03 -.05 .04 .08 .01 .01 .06 -.03 -.01
12 .15 .22 .04 .04 .21 .11 -.02 -.01 .03
13 .25 .28 .06 .07 .20 .16 .08 -.07 .00
14 -.23 -.23 -.06 -.16 -.25 -.03 -.06 -.03 .08
15 -.01 .02 -.03 .24 .27 .04 -.07 .11 -.05
16 .53 .55 .13 .37 .47 .07 .09 .06 -.13
17 .40 .42 .11 .25 .41 .14 .05 .03 -.07
18 .56 .49 .34 .52 .64 .15 .03 .04 -.06
19 1.00 .65 .25 .23 .47 .13 -.01 .01 -.01
20 1.00 .09 .05 .36 .15 .03 -.02 -.001
21 1.00 .60 .46 .07 -.06 .03 .02
22 1.00 .64 .07 .06 .07 -.12
23 1.00 .06 .03 .05 -.08
24 1.00 -.18 -.05 .21
25 1.00 -.47 -.36
26 1.00 -.66
27 1.00
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APPENDIX 0

'CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR WGCTA

TABLE 65

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR WGCTA

VAR. 1 2 3 4 6

1

2

3

4

5

6

7

8

1.00 .11

1.00

-.07

.37

1.00

-.03

.64

.45

1.00

-.17

.12

.37

.39

1.00

.16

.01

.22

.22

-.03

1.00

.22

.08

.24

.27

.27

.45

1.00

-.10

.26

.06

.31

-.05

-.04

-.13

1.00

-.07

.24

.24

.461

.27'

.09

.07

.05

1.00
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TABLE 65 (00NT ID. )

VAR. 10 11 12 13 14 15 16 17 18

1 .06 -.05 .37 .33 .03 -.14 .04 .11 .11

2 .01 .04 .08 -.13 .15 -.20 -,21 -.12 -.12

3 -.06 .18 -.12 -.33 .00 .02 :-.22 -.08 -.15

4 .04 -.04 -.14 -.28 .08 -.14 -.16 -.12 -.14

5 .07 .17 -.25 -.28 .04 -.02 -.14 -.23 -.22

6 -.09 -.03 .24 -.15 -.14 .06/ -.002 .15 .08

7 .03 -.06 .24 -.10 -.02 -.03 -.09 -.09 .00

8 .35 -.06 -.02 -.12 .04 .06 .13 .10 .13

9 -.03 401 -.07 -.36 .08 -.05 -.13 -.08 -.07

10 1.00 .17 .14 .14 -.04 .05 .25 .23

11 1.00 -.06 .05 -.05 -.05 -.001 .06 .02

12 1.00 .34 -.04 .16 ,08 ,,24 .16

13 1.00 -.04 -.06 .22 .27

14 1.00 -.30 -.48 -.45 -.35
15 1.00 .30 .52 .31

16 1.00 .63 .67

17 1.00 .66

18 1.00
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I

1

, TABLE 65 (CORM.)

VAR. 19 20 21 22 23 24 25 26 27

1 .23 .21 .23 -.04 .13 .11 .05 .09 -.13

2 -.01 -.10 .14 .01 -.05 .18 -.01 .15 -.15

3 -.09 -.14 .01 -.09 -.20 .03 .06 .10 -.15

4 -.06 -.13 .09 .00 -.16 .14 .06 .20 -.25

5 -.18 -.23 -.08 -.003 -.28 -.10 .03 .04 -.06

6 -.03 .03 .15 -.05 -.01 .02 -.01 .10 -.10

7 -.02 .06 .04 .01 -.07 -.12 -.16 .18 -.06
8 .08 -.13 .03 .05 .05 -.01. -.18 .04 .10

9 -.10 -.04 .17 .07 -.07 .07 .04 -.08 .05

10 .16 .17 .05 .09 .09 .02 .05 .01 -.05

11 .12 -.04 .01 .16 .06 -.00 .08 -.01 -.06

12 .07 .14 .17 .04 .22 -.01 -.02 -.07 .08

13 .28 .32 .12 .07 .24 -.00 .29 -.17 -.05

14 -.18 -.26 -.05 -.16 -.21 .14' -.02 -.01 .02

15 -.10 -.09 -.10 .13 .15 -.09 -.13 .13 -.03

16 .40 .44 .16 .39 .40 -.16 .01 .12 -.13

17 .36 .36 .11 .23 .33 -.11 .07 .10 -.16

18 .57 .38 .34 .50 .61 -.11 -.04 .16 -.13

19 1.00 .59 .29 .31 .51 .02 -.05 .08 -.04
20 1.00 .01 -.04 .19 .07 .09 .07 -.14
21 1.00 .62 .48 .00 -.09 .10 -.04

22 1.00 .65 -.06 -.02 .09 -.08

23 1.00 -.07 -.09 .09 .00

24 1.00 .16 .02 -.15

25 1.00 -I.41 -.36

26 1.00 -.71

27 1.00
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CORRELATION

CORRELATION

APPENDIX P

MATRIX FOR ALL VARIABLES
REGRESSION FOR SILANCE

TABLE 66

MATRIX FOR ALL VARIABLES
REGRESSION FOR SILANCE

IN 4sTEFWISE

IN STEPWISE
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VAR. 1 2 3 4 5 6 7 8 9

1 1.00 .09 .09 -.003 -.06 .12 .26 -.15 -.05

2 1.00 .30 .49 .11 .05 .03 .31 .24

3 1.00 .39 .33 .28 *.'33 .03 .23

4 1.00 .44 .18 .31 .27 .48

5 1.00 .17 .44 -.05 .33

6 1.00 .55 -.05 .14

7 1.00 -.14 .19.

8 1.00 .02

9 1.00



TABLE 66 (CONT'D.)

VAR. 10 11 12 13 14 15 16 17

1 .01 .03 .27 .32 .07 -.13 .04 .08

2 .20 -.01 .03 -.12 .11 -.21 -.09 -.07

3 -.02 .10 -.06 -.30 .07 -\06 -.14 -.10

4 -.02 .01 -.19 -.32 .09 -.12 -.15

5 -.003 .13 -.16 -.33 .16 -.16\ -.15 -.25

6 -.22 -.04 .32 -.28 -.07 .11 .08 .14

7 -.18 .05 .20 -.17 .09 -.07 -.06 -.10
1

8 .41 -.12 -.02 -.05 .04 .07 .13 .15

9 -.03 .13 -:09 -.33 .05 -.16 -.07 -.15

10 1.00 -.03 .07 .18 .01 .07 .20 .18

11 1.00 -.11 .01 -.03 -.09 -.02 -,10

12 1.00 .37 -.10 .23 .14 .33

13 1.00 -.08 .08 .23 .24

14 1.00 -.24 -.43 -.45

15
z 1.00 .37 .54

16 1.00 .63

17 1.60

18
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18

.06

-.03

-.11

-.06

-.19

.13

-.02

.17

-.03

.13

.15

.14

-.38

.38

.66

1.00
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TABLE 66 (CONT,D.)

VAR. 19 20 21 22 23 24 25 26 , 27

1 .24\ . 0 .14 -.07 .08 -.03 .08 .06 -.12

2 -.02 -.09 ' .18 .02 .01 -.07 -.001 .13 -.14

3 -.09 -.05 .08 -.04 -.05 .08 -.05 .13 -.09

4 -.08 -.06 .11 .02 -.11 .05 .02 .17 -.19

5 -.16 -.14 .01 -.04 -.17 -.02 .07 .09 -.15

6 .00 .08 .22 .12 .14 .01 -.07 .09 -.04

7 .04 .12 .02 -.06 .01 -.01 -.04 .17 -.14

8 .11 -.05 .02 .07 .11 .00 -.09 .10 -.04 \

9 -.11 .01 .15 -.01 -.09 .18 .07 -.07 . .03

10 .16 .14 .01 .00 .09 -.07 .03 .05 -.07

11 .02 -.04 .06 .05 -.01 .03 .08 -.02 -.05

12 .14 .22 .08 .00 .18 --.06 -.02 -.07 ,08

13 .22 .26 .02 .01 .18 -.09 .13 -.19 .10

14 -.20 -.23 -.15 -.22 -.27 .04 -.06 .03 .01

15 -.06 ,-.O1 -.03 .23 .22 .07 -.11 .08 -.002

16 .50 .49 .13 .37 .48 -.03 .07 .05 -410

17 .40 .42 .14 .25 .39 .00 .03 .04 -.06

18 .51 .44 .33 .51 .62 .05 .07 .05 -,11

19 1.00 .63 .18 .18 .43 -.04 .11 -.03 -.05

20 1.00 -.02 -.06 .26 .06 .06 .02 -.07

21 1.00 .56 .50 .05 -.02 .03 -.02

22 1.00 .60 .01 .06 .04 -.08

23 1.00 .03 .01 .04 -.05

24 1.00 -.15 .04 .07

25 1.00 -.40 -.34

26 1.00 -.72

27 1.00

A ' '
i 04 0 r'.0
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APPENDIX Q

MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION.FOR SPOTS

TABLE 67

MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR SPOTS
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VAR. 1 2 3 4 5 6 7 Es 9

1

2

3

4

5

6

7

8

9

1.00 .05

1.00

.07

.30

1.00

.02

.48

.41

1.00

-.07

.12

.40

.45

1.00

.10

.08

.27

.18

.16

1.00

.26

.03

.31

.31

.38

.55

1.00

-.10

.29

.04

.25

-.05

-.06

-.14

1.00

-.002

.22

e..1

.42

.3

.16

.05

1.00



TABLE 67 ( CONT D. )

VAR. 10 11 12 13 14 15 16 18

1 .03 .03 .26 .28 .06 -.11 -.01 .0 .01

2 .19 -.01 .03 -.14 .11 -.18 -.07 -.04 -.03

3 .00 .12 -.08 - '', .09 -.09 -.15 -.16 -.11

4; -03 .02 -.20 -.*:)., .09 -.22 -.13 -.19 -.v7

5 .-.02 .19 -.18 -.37 .12 -.12 -.12 -.22 -.17

6 -.18 .04 .31 -.30 -.03 .09 .08 .10 .11

7 -.16 .01 .19 -.16 .10 -.09 -.04 -.08 -.01

8 .43 -.10 .00 -.04 .02 .13 .12 .16 .16

9 .01 .14 -.10 -.30 .04 -.14 -.08 -.15 .01

10 1.00 -.03 .13 .16 -.01 .15 .18 .21 .12

11 1.00 -.17 -.03 -.06 -.09 -.04 -.11 -.07

12 1.00 .34 -.07 .19 .12 .96 .13

13 1.00 -.08 .07 .22 .23 .12

14 1.00 -.26 -.39 -.41 -.37

15 1.00 .37 .57 .38

16 1.00 .64 .69

17 1.00 .62

18 1.00

212
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TABLE 67 (CONT'D.)

VAR. 19 20 21 22 23 24 25 26 27

1 .12 .21 .13 -.10 .02- -.07 .06 .12 -.16

2 -.01 -.10 .18 .04 .04 .09 -.004 .12 -.12

3 -.07 -.05 .07 -.07 -.09 -.06 -.o5 .11 -.08

4 -.09 -.07 .08 .02 -.11 -.01 .02 .15 -.17

5 -.17 -.17 -.01 -.02 -.15 -.03 .05 .13 -.16'

6 -.01 .09 .19 .07 .12 -.03 -.06 .03 .01

7 .03 .14 .01 -.06 .01 -.07 -.03 .16 -.14

8 .07 -.07 .02 .09 .12 .06 -.08 .11 -.05

9 -.08 .01 .16 .03 -.05 -.03 .05 -.07 .04

10 .11 .09 .02, .03 .10 .04 .04 .05 -.08

11 -.01 -.08 .05 .07 -.02 -.13 .07 .01 -.07

12 .14 .25 .07 -.02 .16 .05 -.03 -.06 .08

13 .17 .25 .01 -.004 .12 .11 .13 -.13 .04

14 -.14 -.19 -.08 -.21 -.24 .13 -.08 .02 .03

15 -.08 -.04 -.03 .25 .23 .08 -.08 .07 -.02

16 .45 .46 .13 .40 .49 -.001 .03 .08 -.10

17 .34 .34 .08 .24 .36 .04 .02 .04 -.06

18 .51 .43 .33 .52 .62 -.03 .05 .10 -.14

19 1.00 .61 .19 .19 .44 .02 .01 -.01 .00

20 1.00 -.02 -.05 .25 -.02 .03 .03 -.05

21 1.00 .59 .49 . .05 -.02 .06 -.05

22 1.00 .63 .02 .02 .08 -.10

23 1.00 ,-.08 -.04 .08 -.06

24 1.00 -.23 -.13 .30

25 1.00 -.39 -.33

26 1.00 -.74

27 1.00


